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PRETACE 


SEVERAL years ago Lord Rosebery founded, in 
, the University of Edinburgh, a lectureship on “ The 
; Philosophy of Natural History,” and I was invited by 
the Senatus to deliver the lectures, This invitation 
I accepted, and subsequently constituted the material 
of my lectuies the foundation of another course, which 
was given in the Royal Institution, under the title 
“ Before and after Darwin.” Ilere the course extended. 
ove’ three ycats—namely fiom 1888 to 1890. The 
lectutes for 1888 were devoted to the history of biology 
from the earliest recorded times till the publication of 
the “Origin of Species” in 1859; the lectures for 
1889 dealt with the theory of organic evolution up to 
the date of Mr, Darwin's death, In 1882; while 
those of the'third year discussed the further develop- 
ments of this theory from that date till the close of 
the course in £890, 
, It is fiom these two courses-—which resembled each 
other in comprising between thirty and foity lectuies; 
but differed laigely in other respecis—that the pre 
sent trealise has grown. Sccing, however, that it has 
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grown much beyond the bulk of the orhyinal lectures, 
T have thought tt desirable to publish the whole in 
the form of three separate works. Of these the first 
~or that whieh deals with the purely historical sido 
of biological science may be allowed to. stand over 
for an indefinite time, ‘The second is the one whiek 
is now brought out, and which, as its sub-tille signifies, 
is devoted to the general theory of organte evalutton 
as this was left by the stupendous labours of Darwh, 
As goon as the translations shall bave been completed, 
the third portion will follow (probably in the Autumn 
season), under the sub-title, “ Post-Darwinian Ques» 
tions,” 

As the present volume is thus intended to be merely 
a systematic exposition of what may be termed the 
Darwinism of Darwin, and a4 on this aechunt it is 
likely Lo prove of more service to general readers than 
to professed naturalists, [ have been everywhere care. 
ful to avoid assuming even the most clementary know. 
ledge of natural science on the part of those to whom 
the exposition is addregsed, The case, however, will, 
be different as repards the next volume, where f shall’ 
have to deal with the important questions touching 
Heredity, Utility, Isolation, &e, whiett have been’ 
ralsed since the death of Mr. Darwin, aud which are: 
now being debated with such salutary vehemence by! 
the beat naturalists of aur time. 

My obligations to the Senatua af the Universtty 
of Edinburgh, and to the Board of Management of 
the Royal Institution, have already been virtually 
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expressed ; bul I should like to take this opportunity 
of also expressing my obligations to the students who 
allended the lectures in the University of Edinburgh, 
For alike in respect of their large numbers, their 
keen intelligence, and their generous sympathy, the 
members of that voluntary class yielded a degree of 
stimulating encouragement, without which the labour 
of preparing the original lectures could not have been 
attended with the interest and the satisfaction that T 
found in i. My thanks are also due to Mr. R. E, 
Holding for the painstaking mannet in which he has 
“ assisied me in executing most of the original drawings 
with which this volume is illustrated ; and likewise to 
Messrs, Macmillan and Co. for kindly allowing me 
to reprint—without special acknowledgment in every 
case—certain passages from an essay which they 
published for me many years ago, under the title 
“Scientific Evidences of Organic Evolution.” Lastly, 
I must mention that [am indebted to the same firm 
for permission to reproduce an excellent portrait of 
Mr. Darwin, which constitutes the frontispiece. 
G. J. R. 


Curis? Ciurci, OXFoRD, 
Afril roth, 1892. 
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DARWIN, AND AFTER DARWIN. 


CHAPTER L _ 
INTRODUCTORY, : 


AmoNntG the many and unprecedented changes that 
have been wrought by Mr. Darwin's work on the Origin 
of Species, there i is one which, although second in Im- 
portance to no other, has not received the attention. 
which it deserves, I allude to the profound modifi- 
cation which that work has produced on the ideas of 
naturalists with regard to method. 
Having had occasion of late ycars somewhat closely 
to follow the history of biologital science, I have every- 
where obgerved that progress is not so much marked 
by the, march of discovery for’ 92, as by the alter ds, 
“ae wy iotmathod which the match has involved. f 
stoop t what Arlstotfo called “the first ‘sfart” in’ 
himself, P think one dnay fairly say that from the re- 

juvenesconce of biology in the sixteenth century to * 
the stage of growth which it thas now reached in the, 
nineteenth, there isa direct proportion to be found’ 
between the value of work done and the degree in 
which “the worker has thereby advanced the true 
conception of scientific working. Of course, up to a 
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certain point, it is notorioud’ that the revel! against 
the purely “subjective methods” in the sixtuenth 
century revived the spirit o ductive jeer this 
had been left by the Greek4; bit en ‘ogard 
to this revolt there ae two things which I should 
like to observe, 

In the first place, it seems to me, an allogether 
disproportionate value haa been assigned to Bacon's 
share in the movement, Al most, [ think, he deserves 
to be regarded but asa literary exponent of the Zeit 
geist of his century, Limself a philosopher, ag dis. 
tinguished from a man of science, whatever influence 
his preaching may have had upon the general public, it 
seems liltle short of absurd to suppose thal it could 
have produced any considerable effect upon men who 
were engaped in the practical work of research, And 
those who read the Mew Organon with « first-hand 
knowledge of what is required for such research can 
scarcely fail to agree with his great contemporary 
Harvey, that he wrote upon science like a Lord 
Chancellor, 

The second thing I should like to observe is, that 
as the revolt against the purely subjective methoda 
grew in extent and influence it passed to the opposite 
extreme, which eventually heeame only leas deleterious 
to the interests of science than was the bondage of 
authority, and addiction to @ pier? methods, from 
which the revolt hac set her free. Tor, without herq 
wailing to trace the history of this matter in detail, 
T think it ought naw to be manifest to everyone wha 
studies it, that up to the commencement of the present 
century the progress of science in general, and of 
natural history in pacticular, was seriously retarded by 
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what may be termed the Bugbear of Speculation. Fully 
awakened to the dangers of web-spinning from the 
ever-fertile resources of their own inner consciousness, 
naturalists became more and more abandoned to the 
idea that their science ought to consist in a mere 
observation of facis, or tabulation of phenomena, 
without attempt aj theorizing upon their philosophical 
import, Ifthe facts and phenomena presented any 
such import, that was an affair for men of letters to 
deal with; but, as men of science, it was der duty to 
avoid the seductive temptations of the would, the flesh, 
and the devil, in the form of speculation,-deduction, 
and generalization, 

I do not allege that this ideal of natural history was 
either absolute or universal; but there can be no 
question that it was both orthodox and general, 
Even Linnaeus was express in his limitations of true 
scientific work in natural history to the collecting and 
arranging of species of plants and animals, In ac- 
cordance with this view, the s/azvs of a botanist or a 
zoologist was estimated by the namber of specific 
names, natural habitats, &c., Which he gould retain in 
his memory, rather than by any evidences which he 
might give of intellectual powers in the way of con- 
structive thought. At the most these powerd might 
legitimately exercise themselves only in the direction 
of taxonomic work; and if a Halts, a Haller, or a 
IIunter obtained any brilliant results in the way of 
observation and experiment, their merit was taken to 
consist in the discovery of facts per se: not in any 
endeavours they might make in the way of combining 
their facts under geneal principles. Even as late in 
the day as Cuvier this ideal was upheld as the str ictly 
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legitimate one fora naturalist to follow; and although 
Cuvier himself was far from being always loyal to it, 
he leaves no doubt regarding the estimate in which he 
held the still greater deviatlons of his colleagues, St. 
Hilaire and Lamarck. 

Now, these traditional notions touchings the severance 
between the frets of nauutal history and the philosophy 
of it, continued more or less to dominate Che minds of 
naturalists until the publication of the Ordein af 
Species, in 1859. Then it was that an epoch wag 
marked in this respect, as In 40 lnray other respects 
where natural history is concerned, lor, looking to. 
the cnormous results which followed from a deliberate 
disregard of such traditional canons by Darwin, it hag 
long since become impossible for naturalists, even of: 
the strictest sect, not to perceive that their previoug’ 
bondage to the law of a mere ritual haa been for ever 
superseded by what verily deserves to be regarded ag 
a new dispensation. Yet it cannot be said, or even go” 
much as suspected, that Darwin's method in any way 
resembled that of pre-selentifie days, the revolt againat. 
which led to the straight-laced—~and for a long time! 
most salutary—concuptions of method that we hava, 
Just been noticing, Where, then, is the difference ?, 
To me it seoma that the difference is us followas andi 
if so, that nol the least of our many obligations 19) 
Darwin as the grent organizer of bialogical aclencd 
arises from his having clearly displayed the trugé 
principle which ought to govern biological reaearch. 4 

To begin with, he nowhere closes sight of the, 
primary distinction between fact and theory ; so that) 
thus far, he loyally follows the spirit of revolt agains, 


subjective methods, But, while always holding th / 
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distinction clearly in viow, his idea of the scientific use 
of facts is plainly that of furnishing legitimate material 
for the construction of theorics, Natural history is 
not to him an affair of the herbarium or the cabinet. 
The collectors and the species-framers aie, as il were, 
his diggers of clay and makers of bricks: even the 
skilled observers and the tained experimentalists are 
his mechanics, Valuable as the work of all these men 
is in ilself, its principal value, as he has finally de- 
monstrated, is that which it acquires in rendering 
possible the work of the architect. Therefore, although 
he has toiled in all the trades with his own hands, and 
in each has accomplished some of the best work that 
has ever been done, the great difference between him 
and most of his predecessors consists in this,—that 
while to them the discovery or accumulation of facts 
was an end, to him it is the means, In their eyes it 
was enough that the facts should be discovered and 
recorded. In his eyes the value of facts is due to 
their power of guiding the mind to a further discovery 
of principles, And the extraordinary success which 
attended his work in this respect of gexeraltzation 
immediately brought natural history into line with the 
other inductive sciences, behind which, in this most 
important .of all respects, she has so seriously fallen. 
For it was the Origin of Species which first clearly 
revealed to naturalists as a class, that it was the duty 
of their science to take as its motto, what is really the 
motto of natural science in general, 
Felix qui poluit rerum cognoscere causas, 

Not facts, then, or phenomena, but causes or prin- 
ciples, are the ullimate objects of scientific quest. It 
remains 10 ask, How ought this quest to be prosecuted ? 
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Well, in the second place, Darwin has shown that 
next only to the importance of clearly distinguishing 
between facts and theories on the one hand, and of 
clearly recognising the relation between them on the 
other, is the importance of not being seared by the 
Bugbear of Speculation. The spiit of speculation is 
the same as the spirit of science, nimely, as we have 
Just scen, a desire to Isnow the causes of things, ‘The 
Aypotheses non fingo of Newton, if taken to mean what 

it is often understood as:meaning, would express 
precisely the opposite spirit from that in which all 
scientific research must necessarily take its origin. 
For if it be causes or principles, as distinguished from 
facts or phenomena, that constitute the final alm of 
scientific research, obviously the advancement of such 
research can be attained only by the framing of 
hypotheses, And to frame hypotheses is to specu- 
late, 

Therefore, the difference between science and specu- 
lation is not a difference of spirit; nor, thus fay, is it 
a difference of method. The only difference between 
them is in the subsequent process of verifying: hypo- 
theses. For while speculation, in its purest form, is 
satisfied to test her explanations only by thedegree 
in which they accord with our subjective ideas of prob» 
ability—or with the“ Whitive Sense” of Cardinal New- 
man,-scicnce is nol satisfied to real inany explanatfon 
as final until it shall have been fully verified by an 
appeal to objective proof, This distinction ia now so 
well and so generally appreciated that I need not 
dwell upon it. Nor need i wait to go into any details 
with regard to the so-called canons of verification. 
My only object is to make perfectly clenr, first, that 
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in order to have any question to put to the test of 
objective verification, science must already have so far 
employed the method of speculation as to have framed 
a question Lo be tested ; and, secondly, that the point 
where science parts company with speculation is the 
point where thig lealing process begins, 

Now, if these things are so, there can be no doubt 
that Darwin wag following the truest method of induc: 
tive research in allowing any amount of latitude to his 
speculative thought in the direction of scientific theo- 
rizing. lor it follows from the above distinctions that 
the danger of speculation does not reside in the width 
of its range, or even in the impetuosity of its vehe- 
mence. Indeed, the wider its reach, and the greater its 
energy, the better will il*be for ,the interests of science. 
The only danger of speculation consists in its momen- 
tum being apt to carry away the mind from the more 
laborious work of adequate verification; and therefore 
a truc agientific judgment consists in giving a free 
rein toy speculation on the one hand, while holding 
ready the break of verification with the other. Now, 
It is just because Darwin cid both these things with 
so admirable a judgment, that he gave the world of 
natural#history so good a lesson as to the most effec- 
tual way of driving the chariot of science, 

This lesson we have now all more or less Jearnt to 
profit by, Yet no, other naturalist has proved himself 
so proficient in holding the balance truc. For the 
most part, indged, they have now all ceased to con- 
found the process oftspeculation per se with the danger 
of inadequate verification ; and therefore the old ideal 
of natural history as concefned merely with collecting 
apecies, classifying aftnities, and, in general, tabulating 
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facts, has been well-nigh univergally superseded. “But 
thig great gain has been atledded hy some mensure of 
vloss, Tor while not a few naturalisty have since erred 
on the side of insufficiently distinguishing hetween fully 
yerified principles of evolution and inerely specula- 
tive deductions therefrom, & still larger number have 
formed for themselves a Darwinian creed, and regarel 
any further theorizing on the subject of evolution aq 
ipso facto unorthadox, F 
Having occupied the best ycara of my life In, 
closely studying the literature of Darwinism, T shall 
endeavour throughout the following pages to avoid 
both these extrémes, No ome fi this generation is 
able to imitate Darwin, cither as au observer or a 
generalizer, But this does nat hinder that we should , 
all 40 far endeavour to follow his methad, as alway's to 
draw a clear distinction, not merely between observa- 
lion And deduction, bul also between degrees off 
verification, At all events, my own aim will every- 
where be to avoid dogmatism on the one hand, and 
undue timidity ag regards general reasoning on the 
other, Tor everything that is said justification will 
be given; and, as fareas prolonged deliberation has 
enabled me to do se, the exact value of such juaulfict= 
tion will be rendered by a statement ef at least the 
main grounds on which it rests, ‘The somewhat 
extensive range of Lhe present treatise, however, will 
not admit of iny rendering more titan a amall pereen- 
tage of the fagts which in each case yo to corroborate 
the conclusion. But although @ geal deal must thus 
be necessarilydost on the one side, I am disposed to 
think that more will be gained. oh the othet, by 


presenting, in a terser form than would otherwise be 
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possible, the whole theory of organic evolution as I 
believe that it will cventually stand. My endeavour, 
therefore, will be to exhibit the general stiucture of 
this theory in what T lake to be its strictly logical 
form, rather than to, engprhber any of its parts by a 
lengthy citation of factst Following this mojhod, 4 
shall itn cach case give only what I considgr,the main 
facts for and against the positions which have to be 
argued ; and in most cases IT shall arrange the facts 
, in two divisions, nathaly, first tho’e of largest. gener- 
alily, and HeRL a few of the most special character 
‘that can be found. - 

As explained fn’'the Preface, the present instalment 
of the treatise is goncetned with the theory: of evolu- 
, tion, from the 2 appearance of the Origin'of Species in 
1859. to the death of its author in 1882; while the 
‘second part will pe devoted to the sundiy post~ 
, Darwinian questions which have aiiscp in the sub- 
* séquent decade, Té the possible criticism, ‘that a 
disproportionate amodnt of space will thus be allotted 
to a-consideration of these postyDarwinian questions, 
[ may furnish in advance the following reply. 

In the fist place, bosideg,the works of Darwin 
hintself, there are a number of others which pave 
already and Very adinirably gxpounded the evidences, 
both of organic evolution as a fact, and of natural 
seleclion as a cause Thorefore,, in the present 
treatise il scemed needless fo go beyond the ground 
which vas covered byymy octal lectures, namely, a 
condensed and ,¢onfigeted, while at the same time 
a eariaces statement of the main Sevidences, and the 

main objections; which have thus far been published 

with reference to the distinctively Darwinian theniy 
‘a 5 
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Indeed, while re-casling this portion of my lectures 
for the present publication, L have felt that eriticiam 
might be more justly urged from the side of im- 
patience at a reiteration of facts and arguments 
already so well known, But while endeaveuring, aa 
much as possible, to avoid everlapping the previous 
expositions, I have not carried this atlampt to the 
extent of damaging my own, by dmitiings any of the 
more important heads of evidence ; and T have sought 
to invest the latter with some measure of novelty by 
making good whal appears to me a deficiency which 
has hitherlo obtained in the matter of pictorial illus 
tration. In particular, there will be found a tolerably 
extensive series of woad-cuts, serving to represent the 
more important products of artificial selectior, ‘These, 
Jike all the other original illustrations, have been 
drawn cither direct from nature or fram a comparative 
sludy of the best authoritics, Nevartheleas, I desire 
it lo be understood that the first part of this treatise 
is intended Lo retain its original character, as a merely 
educational exposition of Darwinian teaching an 
exposition, therefore, which, in its present form, 
may be regarded as a compendium, or hancd-book, 
adapted to the requirements of a general reader, or 
biologie! student. as distinguished fram thosa of a 
professed naturalist, 

The case, however, is different with the second 
instalment, which will be published al no very distant 
date, Mere I have not followed with nearly so much 
closeness the material of my original lectures’ On 
the contrary, I havo had in view a special class of 
readers ; and, allhough I have tried not altogether to 
sacrifice the more general class, I shall desire it to be 
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understood that T am there appealing to naturalists 
who are specialists in Darwinism. One must say 
advisedly, naturalists who are specialists in Dar- 
winism, because, while the literature of Darwinism 
has become a depaitment of scicnce in itself, there 
are nowadays many naturalists who, without having 
paid any close attention to the subject, deem them- 
selves entitled to hold authoritative opinions with 
regard to il. These men may have done admirable 
work in other departments of natural history, and yet 
theiy opinions on such matters as we shall hereafter 
have to consider may be destitute of value, As there 
is no necessaiy relation between erudition in one 
department of science and sounditcss of judgment 
in anothe#, the mere fact that a man is distinguished 
as a botanist or zoologist does not in itself qualify him 
as a critic where specially Darwinian questions are 
concerned, Thus it happens now, as it happened 
thirty years ago, that highlysdistinguished botanists 
and zoologists prove themselves incapable as judges 
of general reasoning, It was Darwin’s complaint that 
for many years nearly all his scientific ciitics either 
could not, or would not, understand what he had 
wrilten—-and this even ag regarded the fundamental 
principles of his theory, which with the utmost clear- 
neas he had over and over again repeated. Now the 
only difference between such naturalists and thei 
successors of the present day is, that the latter have 
grown up in a Darwinian environment, and so, as 
alrdady* remarked, have more dt less thoughtlessly 
adopted some form of Darwinian’ creed, But this 
scientific creed is not a whit less dogmatic and 
intolerant than waa the more theological one which it 
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has supplanted ; and while it usually incorporates the 
main elements of Darwin's teaching, it still more 
usually comprises gross*perversions of their conse. 
quences, All this I shall have occasion more fully 
to show in subsequent parts of the present work j and 
allusion is made to the matler here merely for the 
sake of observing that in future To shall not pay 
altention to unsupported expressions of opinion from 
any quarter: T shall consider only such as are accom 
panied with some statement of the grounds upon 
whieh the opinion is held. And, even as thug limited, 
I do not think it will be found that the following: 
exposition devotes any disproportional ,amount of 
attention tothe contemporary movements of Dar- 
winian thought, seeing, as we shall see, how agtive 
scientific speculation has been in the field of Dar- 
winism since the death of Mr, Darwin. 


Leaving, then, these post«Darwinian questions to 
be dealt with subsequently, T ahall now begin a 
aystematic edsme of the evidences in favour of the 
Darwinian theory, as this wag left to the world by 
Darwin himself, / 

There is a great distinction lo be drawn between 
the fact of evolution and the manner of it, or between 
the evidence of evolution as having taken place some« 
how, and the evidence of the causea which have been 
concerned in the process. Thia most important 
distinction is frequently disregarded by popular 
writers on Darwinism; and, therefore, in order to 
mark it as strongly aa possible, I will effect a com- 
plete separation between the evidence which we have 
of evolution as a fact, and the evidence which we have 
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as to its method. In other words, not until I shall 
have fully considered the evidence of organic evolu- 
lion as a process which “somchow or another Aas 
taken place, will I proceed to consider how it has 
taken place, or the, causes which Darwin and others 
have suggested as having probably been concerned in 
this process, 

Confining, then, our attention in the first instance 
lo a proof of evolution considered as a fact; without 
any reference at all to its method, Iet us begin by 
considering the antecedent standing of the matter, 


Trirst of all we must clearly recognise that there are 
only two hypotheses in the field whereby itis possible 
so much as to suggest an explanation of the origin of 
specics, ither all the specics of plants and animals 
must have been superngturally created, or else they 
must have heen naturally evolved, There is no third 
hypothesis possible; for no one can rationally suggest 
that species have becn eternal, . 

Next, be it observed, that the theory of a continuous 
tranamutation of species is not logically bound to 
furnish a full gxplanation of a7 the natural causes 
which it may suppose to have been at work. The 
radical distinction between the two: theories consists 
in the one assuming an immediate action of some 
supernatural or inscrutable cause, while the other 
assumes the immediate action of natural—and there- 
fore of possibly discoverable—cayses. But in order 
to sustain this latter assumption, the theory of descent 
is under no logical necessity to furnish a full proof of 
ad? the natural causes which may have been concerned 
in working out the observed resulls, We do not 
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Know the natural caudes of many diseases ; but yel 
no one nowndays thinks of reverting to any hypo- 
thesis of a supernatural cause, in order to exphiin the 
occurence of any disease the natural causation of 
which fs obscure, The science of medicine being in 
so many cases able to explain the occurrence of 
disease by its Irypothesis of naturgl causes, medical 
men now feel that they.are entitled to assumé, on the 
basis of a wide analogy, and therefore on the hagis of | 
a strong ‘aurlecedent presumptton, that aul divenses fre 
due to natural causes, whether or nat’ in particular 
cases such canges happen to have been discovered, 
And from this position it follows that medical men 
are not logically bound to entertain any supernatural 
theory of an obscure disease, merely beenuse as yet ; 
they have falled to find a natural theary. And so’ ig,” 
is with biologists and their theory of descents iven, 
if it be fully proved to them that the eauses"which 
they have hitherto discovered, or suggested, are in- 

« adequate lo account for all the facts of organic nature, 
this would in no wise’ logically compel them to vacate 
their theory of evolution, in favour of the theory of 
erention, All that it would+do compel them to do 
would be ae search with ith yet greater cr menss for the, 
MaAlyjal causes, gull undiscovered, b but Th the existence 
“of which they are, by their independent evidence in 
favour of the theory, bound to believe, 

In shout, the issue is not helween the theory of a 
supernatural cause and the theory of any ong parti- 
cular natural cause, or sel of causes-—auelt as natural 
selection, use, disuse, and so forth. The {issue thus 
far-—or whteig only the fac? of evolution Is concerned— 
ig between’ the theory of at supernatural cause as 
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operating immediately in numberless acts of special 
cieation, and the theaty of natural causes as a whole, 
whether these happen, or do not happen, to have been 
hitherto discovered. : 

This much by way of preliminaries boing under- 
stood, we have next lo notice that whichever of the 
two rival theayies we choose to entertain, wa ‘are nob . 
here concerned with any question tétfohing the origin 
of life, We ase conceined only with the otigin of 
particular forms of life—sthal is to say, with the origin 
of species, The theoty of descent, stars fiom life as 
a datum already granted, Flow life itself canie to be, 
the theory of descent, as such, is not «eoneerned to 
show, Therefore, in the present discussion, I will take 
the existence of life as a fact’ whith does not {All 
within tho range of our present discussion: No doubt 
the question as to the siigin of lilo is in itself a decply 
interesting quéstion, and altos int the opinion of 
most biologists it is 4 question whith we may well . 
hope will some day, fall’ within the vange of science to, 
answer, at present, it must be confessed, scichce is not 
in a position to furnish go fouahvas any sugestiéngipgh 
the subject; and ther8foye out wisdom as mép of * 
sctonce is frankly foacknowledge that euch is sheewe 

: i ‘ Ss & ay 2 * , 

We are now in a pésition to diftewve that the theory 
of organic evolution is strongly 1ecomniended to our 
acceptance on merely antecedent grounds, by the fact 
that it is in full accordance with4vhat is known as the 
principle of continuity. By the pringiple of continuity 
is meant the uniformity of nature, in virtue of which 
the many and varied processes going on in natuie are 


due to the same kind of methad, ic, the methdd of 
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natural causation. This conception of the unlformity 
of nature is ane that has only been irrived at step hy 
step through a Jong and ardaous course of haman 
experience in the explanation of natural phenomena, 
The explanations of such phenomena which are first 
given are always of the supernatural kind ; it is not 
until investigation has revenled the nacural causey 
which are concerned that the hypotheses: of super- 
stition give way (0 those of seienee, “Thus it follows 
that the hypotheses of superstition which are the Tatest 
in yielding to the explanations of science, are those 
which refer to the more recondite cases of natural 
causation ; for here it is Uhat methodical investigation 
is longesl in discovering the natural causes. ‘Thus it 
is only by degrees that fetishism is superseded by 
what now appents a commoh-rense interpretation of 
physical phenomena; that exorcism ives place to 
medicine ; alchemy to chemistry ; astrology to aatro~ 
nomy}; and so forth. Lverywhere the miraculous is 
progressively banished from the ficld of explanation 
by the advance of scivntific discovery; and the places 
where it is left longest in occupation are those where 
the natural causes are inost intricate or obscure, and 
thus present the greatest difficully te the advancing 
explanations of science. Now, in our own day there 
are but very few of these strongholds of the mira. 
culous left. Nearly the whole field of explanation is 
occupied by naturalism, so that no one ever thinks of 
gresorting to supernaturalism except in the compara~ 
{ively few cases where science haa not yet been able to 
explore the most obscure regions of caugation, One 


ia these cases js the origin of Jife j'and, until quite 
recently, another"of these cases was the origin of 
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species. But now that a very reasonable explanation 
of the origin of species has been offered by science, it 
is but in accordance with all previous historical 
analogies that many minds should prove themselves 
unable all at once to adjust themselves to the new 
ideas, and thus still linger about the more venerable 
ideas of supernaturalism, But we are now in pos- 
session of so many of these historical analogies, that 
all minds with any instincts of science in their ~ 
composition have grown to distrust, on merely ante- 
cedent grounds, any explanation which embodies a 
miraculous element.- Such minds have grown to 
regard all these explanations as mere expressions of 
our own ignorance of natural causation; or, in other 
words, they have cone to regard it as an a@ priori 
truth that nature is ever Pwhere uniform in respect of 
method or causation; that the reign of law universal ; 
the principle of continuity ubiquitous. 

Now, it must be obvious to any mind which has 
adopted this attitude of thought, that the scientific 
theary of natural descent is recommended by an 
overwhelming weight of antecedent presumption, as 
against the dogmatic theory of supernatural design. 

To begin with, we must remember that the fact of 
evolution—or, which is the same thing, the fact of 
continuity in natural causation—has now been un- 
questionably proved In so many other and analogous 
departments of nature, that Lo suppose any interruption 
of this method as between species and species becomes, 
on grounds of such analogy alone, well-nigh incredible. 
Kor example, it ts now a matter of demonstrated fact 
that throughout’ the range of zvenganic nature the 
Bese of evolution have obtained, It is no longer 
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possible for any one to believe with our farefthers 
that the earth's surface has always existed as it naw 
exists, For the science of geology has proved: to 
demonstration that seas and Jands ae perpetually 
undergoing gradual changes of relative positions- 

continents and oceans supplanting each ether in the 
course of ages, mountain-chains being slowly uplifted, 
again na dlowly denuded, and se forth. Mareaver, 
and asa closer analogy within the linite of animate 
nature we know ft is the universal law that every 
individual life undergoes a process of pudual develop. 
ment; and that breeds, ances, or aliains, muy be 
brought into existence by the intentional use of 
natural processes =the results bearing an unmistakes 
able resemblance to what we know as natal species, 
Again, even in the case of natural species themselves, 
there ave two considerations which present enormous 
force from an antecedent point of view. The first 
is that organic forms are only thal recopcuised as 
species when intermediate forms are absent. If the 
intermediate forms ae actually living, or admit of 
being found in, the fossil state, naturalists forthwith 
regard the whole series as varieties, and -name all 
the membets of tas belonging ta the same spectes, 
Consequently: it becomes abvious that naturalists, in 
their work of naming apecies, may only Rave been 
marking out the cases where intermediate or con.” 
necting forms have heen lost ta observation, Mors, 
cxample, here we have a diagram representing a vely ; 
unusually complete series af fossil shells, which 
within the last few years has been unearthed from 
the Tertiary lake basins of Slavonia, Before the 
series was completed, some six or cight of the then; 
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disconnected forms were described as distinct species ; 
but as soon as the connecting forms were found— 
showing a progressive modification from the older to 
the newer hecs,—the whole were included as varicties 
of one species, 





«Fig. 1.—Snecesslve forms of Paludina, fiom the Tertiary deposits 


' of Slavonia (after Neumnyi). 


br course, other cases of the same kind might be 
adduced, and, therefore, as just icmarked, in thei 
work of naming specics naturalists may only have 
been marking out the cases where intermediate forms 
ca F 
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have been lost to observation. And this possibility 
becomes little Jess than a certainty when we note the 
next consideration which I have to adduce, namely, 
that in all their systematic divisions of plants and 
animals in groups higher than species — such as wenera, 
families, orders, and the rest naturalists have at all 
times recognised the fact that the ane shades off ints 
the other by such impereeptible gracttions, that it 
is impossible to regard such divistong as ather than 
conventional, Tt is important to remember chat this 
fact was fully recognised before the days of Darwin, 
In those days the scientifically orthodos doctrine 
was, that although species were to be reparded as 
fixed units, hearing the stamp of a special ereation, 
all the higher laxonomic divisions were to be con- 
sidered as what may be lermed the artificial creation 
of naturalists themaclves. In other words, it was 
believed, and in many cases known, that if we could 
go fav enough back in the history of the carth, we 
should everywhere find a teudency to mutual ap- 
proximation belween allied gronpy of species + 80 that, 
for instance, birds and reptiles would be found to be 
drawing nearer and nearer logether, unt eventually 
they would scem to become fused in a single type; 
that the existing tlistinctions between herbivorous 
and carnivorous inammuala would be found to do He. 
wise; and so gn with all the larger group-distinctions, 
at any rate within the limits af the same sub-kingdoma, 
Rut although naturalists recognised this even in the 
pre-Darwinian days, they stoutly believed that a 
great exception was to be made in the case of apecies, 
These, the lowest or initial members of their taxg- 
nomic series, (hey supposed to be permanent—-the 
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miraculously created units of organic nature, Now, 
all that I have at present to remaik is, that this 
pre-Darwinian exception which was made in favour 
of species to the otherwise recognised principle of 
gradual change, was an exception which can at no 
time have been recommended by any antecedent 
considerations, At all times it stood out of analogy 
with the principle of continuity ; and, as we shall fully 
find in subsequent chapters, it is now directly con- 
tradicted by all the facts of biological science, ° 
There remains one other fact of high generality to 
which prominent attention should be drawn from the 
present, or merely antecedent, point of view, On 
the theory of special creation no reason can be 
assigned why distinct specific types should present 
any correlation, eliher in time or in space, with their 
nearest allics; for there is evidently no conceivable 
reason why any given species, A, should have becn 
specially created on the same area and at about the 
same time as its nearest representative, B,—still less, 
of course, that such should be a general rule through- 
out all the tlousands and millions of species which 
have ever inhabited the earth, But, equally of course, 
on the theory of a natural evolutiott this is so necessary 
a consequence, that if no correlatioh of such a two-fold 
kind were observable, the theorysyould be nogatived 
Thus the question whether there et fny indication 
of such a two-fold eorrelation may be fegaided as 
a test-question as between the two theories; for 
although the vast majority of extinct species have 
beech lost. to science, there are a countless numbe? 
of existing species which furnish ample material. for 
anawering the question. And the answer js so up- 
' 
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equivocal that Mr, Wallace, who ig one of our prentest 
authorities on geographical distribution, bas uid it 
down ag a general law, applicable to all Che depart. 
ments of organic nature, that, so far as ebservation 
can extend, “every species has come into enxistefice 
coincident both in space and time with a pre-existing 
and closely allied species.” As it appears to me that 
the significance of these word4 cannot be increased by 
any comment upon them, I will here bring thia intro- 
ductory chapter to a close, 
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CLASSIFICATION, 


Tim first line of direct evidence in favour of organic 
evolution which I shall open is that which may be 
termed the argument from Classification. 

It is a matter of observable fact that different forms 
of plants and rnimals present among themselves more 
or less pronounced resemblances. From the earliest 
limes, therefore, it has been the aim of philosophical 
naturalists to classify plants and animals in accord- 
ance wilh these resemblances, Of course the carliest 
altempt¢ at such cfassification were extremely ciude. 
The oldest of these attempts with which we ate ac- 
quainted ~namely, that which is presented in the books 
of Genesis and Leviticus—arranges the whole vegetable 
kingdom in three simple divisions of Grass, Herbs, and 
Trees; while the animal kingdom is arringed with 
almoal. equal simplicity with reference, first to habitats 
in water, earth, or ais, and next as to modes ¢f pro- 
gression, These, of course, were what may’ be termed 
common-sense classifications, having reference meiely 
to external appearances and habits of life, But when 
Aristotle inborlously investigated the comparative 
anatomy of animals, he could not fail to perceive that 
their entire structures had to be taken into account in 
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‘ 
otdar to classify them selentifically ; and, also, that’ 4 
for this purpose the internal pats were of quite aa” 
much importance as the external Thdecd, he por. 5 
celved that they were of preatly more inypon tance 
thiq reapect, inasmuch aa they presented an many) 
more points for comparison ¢ and, in the result, hat 
furnished an astonishingly comprehensive, ay well ni 
an astonishingly accurate Cassificntion of the ee 
groups of the animal kingdom, On the other hand,*# 
clagsificttion of the vepetable kingdom continued 
pretty noch as it had heen loft by the bool of Genesis y 
all plants being divided into three groups, Herbs, | 
Shrubs, and ‘Trees, Nor was this primitive state of 
matters improved upon til the sixteenth contury, when + 
Gesner (1516 1565), and still mare Casalpino (15195 
103), laid the foundations of systematic botany, ‘ 

Rut the more that naturalists prosecuted “fete ry 
studies on the anatomy of planta and animals, the: 
more enormously complex did they find the problem 
of classification herome. Therefore they began by’ 
forming: what are called artificial systems, in contra + 
distinction to natural systems, An artificial system | 
of classification is a system based on the more or leas j 
arbinary selection of some one part, ar set of parle s* 
while « naturel chissificntion is one that ts baved upon * 
a complety knowledge af all the structures of all the 
organiyme which are chissificd, 

Thus, the object of elasaification has been that of 
arranging oganisms in accordance with their natural? 
affinities, by comparing organism with organism, for | 
the purposg of agcgrtaining which of the constituent ; 
organs are of the mast invariable occurrence, and | 
therefore of the most typical signification, A por; polse, 
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for instance, has a large number of teeth, and itthis 
feature resembles most fish, while it differs from’ all. 
mammals. But it also gives suck to its young. Now, 
looking to these two fates alone, ‘should we say 
that a porpoise ought to be classed as a fish or as a 
mammal? Assuredly as a mammal; because the 
number of teeth is a very variable fearitie both in fish * 
anid mammals, whereas the giving of suck is an in- 
vaiiable feature among mammals, and occuis nowheie 
else in the animal kingdom. This, of course; is chosen 
as a very simple illustration, Were all cages as 
obvious, there would be but little distinction between 
natural and artificial systems of classification, But it 
is because the lines of natural affinity are, as it were, 
so intetwoven throughout the organic world, and 
because there is, in consequence, so much difficulty in 
following them, that aitificial systems have to .be made 
in the first instance as feelcis towards eventual dis- 
covery of the natal system, In other words, while 
foiming their artificial systems of classification, it has 
always been the aim of natutalists—whether con- 
sciously o1 unconsciously—~to admit as the bases of 
their systems those characters which, in the then state 
of their knowledge, scenied most calculated to play fh 
important part in the eventual construction of 
natal system. If we were dealing with iistcey 
of classification, it would hete be interest), fo note! 
how the course of it has been marked hy gradual 
change in the principles which ndturaligts adopted’ as 
guides to the selection of characters op which fo found 
their attempts at a natural classification, Some: of 
these changes, indeed, I shall have to mention, later, 
on; but at present what has to be specially noted is, 
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that through all these changes of theory or prinelple, 
and through all the ever-advancing construction of 
their taxonomic science, naturalists themselves: were 
unable to give any intellizihle reason for the faith thaw 
was in them- or the faith that over and above the 
artificial classifications which were made for the mere 
purpose of cataloguing the living Hhiuuy of organic 
nature, there was deeply hidden in nature itgell a tealy 
natural classification, for the eventual discovery: of 
which artificial systems might prove lo be of more or 
les assistance. 

Linnus, for example, expressly snys “You ask! 
me for the characters of the natural orders 5b confess - 
that I cannot give them.” Yet he maintains that, 
although he cannot define the characters, he knows, 
by a soit of naturalists instinct, what in a general way | 
will aubsequently be found to be the organs of most 
importance in the eventual grouping of plants under 
anatural system, “I will not give my reasons for the! 
distribution of the natural orders whieh I have pub. 
lished,” he said: “you, or some other person, after 
twenty or after fifty years, will discover them, and see, 
that [was ight.” 7 fe 

Thus we perceive that in forming thelr provisional | 
ov artificial chisifieations, naturalists have been guided; 
by an instinctive belief in some genergl principle of! 
natural affinity, the character of which hey have not 
been able to define; and that the structures whieh’ 
they selected as the bnaes of their classificationa when ‘ 
these were consciously artificial, were selected because, 
it seemed that they were the structures moat likely to, 
prove of use in subgequent attempts at working out thes 
natural system. 
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This general principle of natural affinity, of which 
all natmalists have seen more or less well-maiked 
evidence in oiganic nature, and after which they have 
all been feeling, has sometimes been regarded as 
natural, but more often as supeinatutal. Those who 
regarded it as supernatural took it to consist in a 
divine iden! of creation according to types so that the 
structural affinities of organisms were to them expres- 
sions of an archetypal plap, which might be revealed 
in ig entirety when all organisms on the face of the 
earth should have been examined. Those, on the 
other hand, who regarded the general principle of 
affinity as depending on some natural causes, for the 
most part concluded that these must have been utili- 
tasian causes ; or, in other words, that the fundamental 
affinities of structure must have depended upon funda- 
mental requirements of function, Accosding to this 
view, the natural classification would eventually be 
found to sland upon a basis of physiology. Therefore 
all the systems of classification up to the carlier part 
of the present century went upon the apparent axiom, 
that characters which are of most importance to the 
organisms presenting them must be characters most 
indicative of natural affinities, But the trath of the 
matter was eventually found to be otherwise. For it 
was eventually found that there is absolutely no cor- 
relation between these two things; that, therefore, it 
is a mere chance whether 01 not oigans which are of 
importance to organisms are likewlse of importance as 
guides to classification ; and, in point of fact, that the 
general tendency in this matter is towards an inverse 
instead of a direct proportion, More often than not, 
the greater the value of a structure for the puipose of 
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indicating natural affinities, the lesa is ils value to the 
creatures presenting: ft, 

Enough haa new been said to show three things, 
Tivat, that long before the theery of descent was enters ‘ 
tained by naturalista, naturalists perceived the fiet of; 
natural affinities, and did their best to construet ne 
natinal system of classification for the purpose of ex. 
pressing such affinities, Second, that naturalists had 4 4 
a kind of instinctive belief in some one principle runs! 
ning throngh the whole onanic workdl, which thus! 
served to bind together organisms in groups subors’: 
dinate to groups that is, into species, peneta, orders, 4 
families, classes, sub-kingdoms, and kingdoms. Third, | 
that they were not able to give any very intelligible ¢ 
reason for this faith that waa in’ then; sometines | 
supposing the principle in question to be that of 


a 
% 
4 
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supermalund plan of organization, sometimes reyarding 
it as dependent on conditions of physiology, and some- 
limes not attempting lo account for ik at all 

Of course it is obvious that the theory of descent’) 
furnishes the explanation which ix required. For it is? 
now evident to evolutionists, that although these older 
miltralisty did not know what they were doing when} 
they were Unteing: these Hines of natural affinity, and 
thos helping: Go construct a mutinal clagsificatlon—T gay 4 
it is new evident to evolutiontats that these naturalisted 
were simply tracing: the lines of wenetic relationsh{p. 
The great principle pervading organic nature, which | 
was seen so mysterioualy to bind the whole creation’ 
together asin a nexus of organic affinity, ia now easily: 
understood as nothing more or lesa than the prin-| 
ciple of Heredity, Let us, therefore, look a little! 
more closely at the character of this network, in 
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order to see how far it lends itself to this new inter- 
pretation. . F 

The first thing that we have to observe about the 
nexus fs, that il is a nexus—not a single linc, or even 
ascties of parallel lines, In other -words, soghe time 
before the theory of descent was seriously entertained, 
naturalists for the most part had fully recognised that 
it was impossible to arrange cither plants or animals, 
with respect to their mutual affinities, in a ladder-like 
series (as was supposed to be the type of classification 
by the carlier systematists), or even in map-like groups 
(as was supposed to be the type by Linnzeus), And 
similarly, also, with respect to grades of organization. 
In the case of the larger groups, indeed, it is usually 
possible to say that the members of this group as a 
whole are more highly organized than the members of 
that group as a whole; so that, for instance, we have 
no hesitation in regarding the Vertebrata as more 
highly organized than the Invertebrata, Birds than 
Reptiles, and so on, But when we procced to smaller 
subdivisions, such as genera and species, it is usually 
impossible to say that the one type is more highly 
organized than another type, A horse, for instance, 
cannot be said to be more highly organized than a 
zebra or an ass; although the entire horse-genus is 
clearly a more highly organized type than any genus 
of animal which is not a mammal, 

In view of these facts, therefore, the system of 
classification which was eventually arrived at before 
the days of Darwin, was the system which naturalists 
likened to a tree; and this is the system which all 
naturalists now agreed upon as the true one, Ac- 
cording to this system, a short trunk may be taken 
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to represent the lowest organisms whieh canne 
properly he termed cither plants or animals, ‘Tht 
short trunk soon sepanites into two large trunks, on 
of which represents the vegetable and the other th: 
animal kingdom, « Mach of these Gunks then gives ol 
large branches signifying classes, and these give of 
smaller, but mere numerous branches, sipguifyiny 
families, which ramify again into arders, poner, anc 
finally Into the leaves, which may he Giken ta repre 
xent species, Now, in such a representative tree ¢ 
life, the height of any branch from the ground may bi 
taken to indicate the grade of organization whieh thi 
leaves, or species, presents so that, if we piclure « 
oluselves such a tree, we may andeistand that whilt 
there is a general advance of organization from beloy 
upwards, there are many deviations in this respect 
Sometines Icaves growing on the same branch ar 
growing ata different level expecially, of course, { 
the branch be a large one, corresponding: to a ¢lass oj 
sub-kingdem, And sometimes leaves: prowing of 
different branches are growing al the same level. 
that ix lo say, although they represeut species be 
longing: to widely divergent fimilies, orders, or evet! 
chosaes, Ik cannot be sald that the one species ts mort 
highly orpanized than the other, 

Now, this tree-like arrangement of species in naturg 
is an arrangement for which Darwin bt not responsiblg 
For, ag we have seen, the detecting of it has beet 
due to the progressive work of naturaliata for conturid 
past; and even when it was detected, at about thé 
commencement of the preaent century, naturalis 
were confessedly unable to explain the reason of if 
or what was the underlying principle that they werd 
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engaged in acing when they proceeded ever more 
and more accurately to define these ramifications of 
natural affinity, But now, as just rémarked, we can 
clearly perceive that this underlying principle was none 
other than ITeredilty as expressed in family likeness, 
-likeness, therefore, growing progressively /more 
unlike with remoteness of ancestral mito For 
thus only can we obtain any explanation of t sundry 
puzzles and apparent paradoxes, which a working out 
of their natural classifications revealed to botanists and 
zoologists during the first half of the present century. 
Tt will now be my endeavour to show how theae 
puzzles and paradoxes are all aaa by the theory 
that natural affinities are merely the exptession of 
genetic affinitics. 

First of all, and from the most general point of 
view, it is obvious that the tree-like system of classifi« 
cation, which Darwin found already and empirically 
worked out by the labours of his predecessors, is as 
suggestive as anything could well be of the fact of 
genetic relationship, For this is the form that every 
tabulation of family pedigree must assume; and there. 
fore the mere fact that a scientific tabulation of natural 
affinities was eventually found to take the form of a 
irce, is in itself highly suggestive ofthe inference that 
such a tabulation represenis a family tree, If all 
species were separately created, there can be no assign- 
able reason why the ideas of earlier naturalists touch- 
ing the form which a natural classification would | 
eventually assume should not have represented the 
truth—-why, for example, it should not have assumed 
the form ‘of a ladder (as was anticipated in the 
seventeenth century), or ofa map (as was anticipated in 
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the eighteenth), or, again, af a number of wholly wire. 
lated lines, circles, &e. (as certain specalctive walters of 
the present century have imayined). ut, on the other 
hand, if all species were separately and indegn udently 
created, it becomes vii tually inet eelille: Liat we aha 
everywhere observe this progressive arhorest ence of 
characters cammon to hirger groups infu mare stiad 
more numerous, and more and mae delisite, wunifis 
cations of chatacters distinctive only af smaller ind 
smaller gioups. A man would be deemed insane if he 
were to altribute the origin of every branch and cvery 
tig of a real ice toa separate act of special creation ; 
and although we have not been able to witness the 
growth of what we may term in a new sense the Tree 
of Life, the structural rehitions whieh are new apparent 
between its innumerable wamifigations Dear quite as 
strong a testimony to the fact of their having been 
due (o an organic growth, a9 is the teatimany finished 
by the branches of an actual tree, 

Or, to take another iMusteition. Clisaification. of 
organic forms, aa Darwin, Lyell, and Tlachel have 
pointed out, strongly resembles the cktaificution of 
languages. In the case of lanpnayes, ai in the cnge 
of species, we have genetic affinities strongly marked ; 
so that it ia pos#fble to some extent to construct at 
Language-tree, the branches of which shall indicate, 
ina dlagrammatic form, the prog casive divergence af a 
large group of languages fram a common stock. For 
inatance, Latin may be regarded asa fowil Janguage, 

“which has given rise 10 0 group of living hinguayon—- 
Italian, Spanish, French, and, to a large extent, 
English, Now what would be thought of a philologiat 
whe should maintain that English, French, Spanish, 4 
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and Ttallan were all speetally created languages—or 
languages separately constructed by the Deity, and 
by ag many sepruite acts of inspiration communicated 
to the nationy which now speak them—and that their 
resemblance to the fossil form, Tatin, must be 
attributed to apecial design? Vet the evidence of the 
natural trinamutation of species is in one respect 
much stronger than that of the natural transmutation 
of langnages—in respect, namely, of there being a 
vastly greater number of cases all bearing testimony 
to the fact af genctic relationship, 

But, quitting now thia most general point of view— 
or the suggestive fact that what we have before us is 
n ree ~ Igl us next approach this tree for the purpose 
of examining its structure more in detail, When wo 
do this, the fact of next greatest generality whigh we 
find is as follows, 2 

In cases where a very old form of life has cdntinued 
to exist unmodified, so that by investigation of its 
anatomy we are brought back to a mon primitive 
lype of structure than that of the newer forms grow- 
ing higher up upon the same branch, Wwo things are 
observable, In the first place, the old form is less 
differentinted than the newer oneg; and, in the next 
place, il ia seen much more closely*to resemble types 
of structure belonging to some of the other and Jarger 
branches of the tree. The organization of ‘the older 
form la not only sfwp/er; but It is, as naturalists say, 
more generalised, It comprises within Itself char- 
acters belonging to its own branch, and also characters 
belonging to neighbouring branches, or to the trunk 
from which allied branches spring, Hence it becomes 
a general rule of classification, that {t is by the lowest, 
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or by the oldest, forma of any two natural groupes that 
the affinities betiveen the two groups admit of being 
best detected. And it is obvious that this ia just 
what ought to be the case on the theary of cdegeent 
with divergent modification ; while, upon the aller- 
native theory of special creation, no reason ean be 
assigned why the loweal or the oldest (ypes should 
thus combine the charactors which afterwards become 
severally distinctive of higher or newer types. 

Again, I have already alluded to the remarkable 
fact that there js no coirelation between the value of 
structures to the organisms which present them, and 
their value to the natwalist for the purpose of tracings 
natinal affinity; and I have remarked that up to the 
close of the last century it was regarded as an axiom 
of laxonomic sclehce, that structures which are of 
most importance to the animals or plants powessing 
them must likewlse prove of most importance in any 
natural dystem of dlassification, On this account, all 
attempts to discover the natural classification went 
upon the supposition that such a direet proportion 
must obtain with the result that orpans of most 
physiological importance were chosen as the bases of 
systematic work, And when, in the curlier part of 

“the present century, De Candolle found that instead 
of a direct there was uxually an inverse proportion 
between the functional and the taxononiic value af a 
structure, he was unable to suggest any reason for 
this apparently pmadoxical fret, Tor, upon the 
theory of apecial creation, no reason can be assigned 
why organs of least importance to organisms should 
prove of most importance as marks of natural affinity, 
But on the theory of descent with progressive modi» 
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fication the appitent puradox Is at onee explained. 
For itis evident that organs of functional importance + 
tue, other things equal, the organs which are most‘ 
likely to undergo different modifications in different 
lines of furnily descent, and therefore in time to have 
their genetic relationships in these different lines 
obscimed, Qn the other hand, organs ér structures 
which are of no functional impottanee are never called 
upon to change ia response lo any change of habit, or 
to any change in the conditions of life, They may, 
therefore, continue Lo be inherited ugh many 
different lines of fiunily descent, a) hus afford 
evidence of genetic relationship whe F) cHievidenco 
fails to be given by any of the structures of vital 
importance, which in the course of many géHerationg 
have been required to change in m@hy ways acctiding } 
to the varied experiences of d{(férent branches,of the 
same family. Tlere, then, we have an emplricall 
discovered rule in the science of -classifica’ ori he 
raison d'etre of which we are at once able t6 appre. , 
ciate upon the theory of evolution, ‘whereas fo 
possible explanation af why it should over have 
become a rule could be furnished upon the theory of 
special creation. ; 
Tlere, again, ts another ompleically determin ule, ¥ 
The targer the azimder, as distinguished: from’ the 
tuportaner, of alraclures which are found common 
to different groups, the greater becomes thelr value as 
guides to the determination of natural affinity, Or, 
ag Darwin pute ft, “the value of an aggregate 
of charnciera, even’ when none are important, 
alone explaing the aphorism enunclated by Linnzeus, 
namely, that the characters do not give the genus, 
Da 
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but the genus gives the characters ; for this seems 
founded, on the appreciation of many trifling: points 
of resemblance, too slight to he defined!” 

Now it is evident, without comment, of how much 
valuc aggregates of characters ought lo he in classifivas 
tton, if the ullimate meaning of classifiention he that 
of tracing lines of pedigree; whereas, if this ultimate 
meaning were that of tracing divine ideals manifested 
in special creation, we can see no reason why single 
characters are not such sure tokens of a natural 
arrangement as are aggregates of characters, even 
though the latter be in every other reypect untin« 
portant, Tor, on the special creation theory, we 
cannot explain why an assembly, say of four or 
five uifling characters, should have been chosen to 
mark some unity of plan, rather than some one 
character of functional importance, which would have 
served al least equally well any such hypothetical 
purpose. On the other hand, as Darwin remarks, “we 
care not how trifling a character may be--det it be the 
mere inflection of the angle of the jaw, the manner in 
which an ingect’s wing is folded, whether the skin be 
covered with hair oné@ithers—-if it prevail throughout 
many and different ypecies, espygially those having 
very different habitd of life, iC assumes high value ; 
for we can account fof its presence in so muy form, 
with such different habita, only by inheritance fram a 
common paren. We may err in his respect in regard 
to single points of siuctine, but when several chare 
acters, let them be ever so Lrifling, concur throughout 
a large group of beings having different habits, we 
may feel almost sure, on the théory of descent, 

1 On igin of Speaes, ys. 367. 
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that these characters have heen inherited from a 
common ancestors and we know that such aggregated 
characters have especial value in classification 4” 

Tl is true that even a singlercharacter, if found 
common to a kiupe number of forms, while utiformly 
absent from athers, is also remarded by naturalists as 
of importance for purposes of classification, although‘ 
they recognise it as of a value subordinate to that of 
aggregates of characters. But this also is what we 
should expect on the theory of descent. If even any 
one structure be found to run through a pumber of 
animals presenting differont habits of life, the readiest 
explanation of the fact fs to be found in the theory of” 
descent; but this does not hinder that if several such 
characters always occur together, the inference of 
genetic relationship is correspondingly confirmed. 
And the fact that before this inférence was ever Nels 
naturalists recoguisad the value of single characters in 
proportion to their constancy, and the yet higher 
value of aggregates of characters in proportion to” 
their number—this fact shows that in thelr work of 
classification naturalists empirically iBbserved* the 
effecta of a cause which we Me now; dggover sd, 4d 
wit, hereditary th#fmisaion cha 3 through 
ever-widening groups of changing speciés. ‘ is 









There iy another argument which appears to tel) 
atrongly in favour of the theory’of descent. We have 
just acen that nomadaptive’ structures, not béing 
required to change In response to change of habits or 
conditions of life, are allowed to persist unchanged 
through many generations, and thus furnish excep- 
Uonally godd guides In the science of classification— 

#1 Ovigin of Species, p 37% 
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or, according to our theory, in the work of tracing 
lines of pedigree. But now, the converse of thia 
statement holds equally true. Mor it often happens 
that adaptive structures, are required to change tn 
different lines of descent in analogous ways, in order 
to meet analogous needs; and, when such is the case, 
the structures conceained have to awune nore or 
less close resemblances to ane another, evén though 
they have severally descended from quite different 
ancestors. ‘The paddles of a whale, for instayce, most 
strikingly resemble the fing of a fish aa to’their out. 
ward form and movements; yet, on the theory of « 
descent, they must be held to have hid a widely 
different parentage. Now, in all such cases where 
there is thus what is called an analogous (or adaptive) 
resemblance, as distinguished from what is called an 
homologous (or anatomical) resemblance ~in all such 
cases {ft is observable that the similarities do not 
extend further into the structure of the parts than it 
is necessary that they should extend, in order that the 
structures should both perform the same functions, 
The whole anatomy of the paddles of a whale is quite 
unlike that of the fins of a figh--being, in fact, that of 
the fore-lim of a mammal. ‘The change, therefore, 
which the fore-limb hag here undergone lo suit tt to 
the aquatic habits of thia mammal, is no preater than 
was required for that purpose: the change has not 
exlended to any one feature of avatamical significance, 
This, of course, js what we should expeet on the 
theory of descent with modificatlon of ancestral char- 
acters; but on the theory of special creation it is not 
intelligible why there should always be so marked a 
distinction between resemblances aa analogical or 
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adaptive, and resemblances ag homological or of 
meaning in reference to a natural classification, To 
take another and more detailed instance, the Tas. 
manian wolf is an animal sgparated from true wolves 
in nh natural system of classification, Yet its jaws and 
tecth bow a atrong general resemblance to those of 
all the dog tribe, although there are differences of 
anatomical detail, In particular, while the dogs all 
have on each side of the Upper jaw four pre-molars 
and two, molars, the Tasmanian wolf has three pre- 
molara aff four molars. Now there is No reason, so 
faras teir common function of dealing with flesh is 
concerned, why the teeth of the Tasmanian. wolf 
should not have resembled homologically as well as 
analogically the teeth of a trae wolf } and therefore 
Wwe cannot assign any intelligible reason why, if all the 
apecics of the dog genus were Separately created with 
one pattern of teeth, the unallied Tasmaniqn wolf 
should have been furnished with what is pradtically 
the same pattern from a functional point of view, 
while differing: from a structural point of view, But, 
of course, on the theory of descént with modifica. 
tion, we cnn well understand why similarities of 
habit should have led to similarities of structural 
Gppenvance af an aduptive kind fh different Iincs of 
deacent, without there being any trace of such real or 
anatomical similarities as could possibly point to 
genetic relationship. 

Lastly, to adduce the only remaining argument 
from clasaification which I regard as of any consider- 
able weight, naturalists have found it necessary, while 
constructing their natural classifications, to set great 
atore on what Mr, Darvin calls “ chains of affinitics.” 
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Thus, for Instance, “nothing can be easier than to 

. define a number of characters common to all birds; 
but with crustaceans any such definition has hitherto 
been found impossible. ‘There are crastaceans al the 
opposite ends of the series, which have hardly a 
character in common, yel the species al both ends, 
from being plainly allied Lo others, and these to others, 
and so onwards, can be recognised as uneqiiivecally 
belonging to this, and to no other chiss of the artis 
reulata.” Now it is evident that this progressive 
modification of specific types where il cannot be 
said that the continuity of resemblance is anywhere 
broken, and yet terminates in modification so great 
that but for the cagnecting links ne one could divine 
a natural relationship between the extreme members 
of the serics—it is evident that such chains of af. 
finity speak most suongly in favour of a Lransmutation 
of the species concerned, while it is impossible to 
*gugedst any explanation of the fact in terms of the 
rival theory. For if all the links of such a chain 
were separately forged by as many rety of special 
creation, we can see no reason why 2B should re. 
semble A, © resemble By, and so on, but with ever 
slight though accumuleting: differences, until there fa 
no resemblance al all between A and 4. 


[hope enough has now been said to show that all 
the general principles and particular fiela appertaining 
to the natural classification of plants and animals, are 
precisely what they ought lo be according to the 
theory of genetic descent; while no one of them is 
such as might be—and, indeed, used to be expected 

\ Origin of Species, pp. 368 y, 
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upon the theory of special creation, Therefore, the 
only possible way in which all this uniform body of. 
direct evidence can be met by a supporter of the, 
latter theory, is hy falling back upon the argument 
from ignorance. We do not know, it may be said, 
what hidden veasons there may have been for fol- 
lowing all these yeneral principles in the separate 
creation of specific types, Noy, il is evident, that 
this is a form of argument which admits of being 
brought ayainst all ghe actual—and even all thes 
possible-—lines of evidence in favour of evolution. 
Therefore I ducm it desirable thus carly in our pro- 
ceedings to place this argument pa ignorance on its 
proper logical footing. 

Tf there were any independent Sida in favour of 
special creation as a fact, then indeed the argument 
fram ignorance might be fairly used against any sceptical 

cavils regarding the mahod. Jn this way, for example, 

Bishop Butler made a legitimate use of the argafnent« 
from ignorance when he urged that it is no reasonable 
objection aguinal a revelation, ofderaise accredited, to 
sliow that it has been rendered in a form, or afler a 

method, which we should not have antecedently cx. 

peeled. Dut he could not have legitimately employed 

this argument, except on the supposition that he had 
some incependent evidence in favour of the revela- 

Uon; for, in the absence of any such independent 
evidence, appeal to the argument from ignorance 
woul] have become a mere begging of the question, 
by simply assuming that a revelation had beon made, 
And thas it is in the present case, A man, of course, 
may quile legitimately say, Assuming that the theory of 
special creation is true, 0 $s not for us to anticipate the 
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form or method of the process. Bul where the question 
is as to whether or not the theory és true, it becomes 
a mere begging of this question to take refuge in the 
argument from ignorance, or to represent in effect 
that there is no question to be diacuaged. And if 
when the form or method is investigated, it be found 
everywhere charged with evidence in favour of the 
theory of descent, the case becomes the sang a4 chat 
of a supposed revelation, which hag been discredited 
by finding that all available evidence pointa to a 
natural growth, In short, the argument from ignor- 
ance is in any case available only as a neyative foil 
against destructive criticism: in no case has it any 
positive value, or value of a constructive kind. There+ 
fore, if a theory on any subjegt is destitute of positive 
evidence, while some alternative theory is in possession 
of such evidence, the argument from ignorance can be 
of no logical use to the former, even though i may be 

, of such use to the lattere For it is only the possession 
of positive evidence which can furnish a logical justifi- 
cation of the argument from ignorance: In the absenge 
of such evidence, even the negative value of the nrg 
ment disappears, and it then implies nothing more 
than the gratuitous assumption of a theory, 


T will now stm up the various consgiderationa which 
have occupied us during: the present chapter. 

First of all we muat take note that the classification 
of plants and animals in groups subordinate to groups 
ig not merely arbitrary, or undertaken only for a 
matter of convenience and nomenclature—auch, for 
instance, as the classification of stars In constellationa, 
On the contrary, the classification of a naturallat 
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differs from that of an astronomer, in that the 
objects which he has to classify present structural 
resemblances and structural differences in numbcrless 
degrees; and it is the object of his classification to 
present a tabular statement of these facts, Now, 
lony befare the theory of evolution was entertained, 
naturalists became fully aware that these facts of 
structural resemblances running through groups sub- 
ordinate to groups were really facts of nature, and 
not merely poetic imaginations of the mind. No one 
could dissect a number of fishes without perceiving 
that they were all constructed on one anatomical 
pattern, which differed considerably from the equally 
uniform pattern on which all mammals were con- 
structed, even although some mammals bore an 
exlraordingry resemblance to fish in external form 
and habits of life, And similarly with all the smaller 
divisiona of the animal and vegetable kingdoms, 
Everywhere investigation revealed the bonds of close 
structural resemblances between species of the same 
genus, resemblance less closa between genera of the 
aume family, resemblance still less close between 
familica of the same order, resemblance yet more 
remote between orders of the same, class, and resem- 
Yolance only in fundamental features between classes 
of the same anb-kingdom, beyond which limit all 
anatomical resemblance was found to disappear— 


‘the. different -ieblagsoms-belngafgimsd ontseny, 
altgre pa ae Furthermore, in tracing all these 
grades of “structural relationship, naturalists were 
slowly led to recognise that the form which a natural 
classification must eventually assume would be that 


of a tree, wherein the constituent branches would 
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display a progressive advance of organization from 
below upwards. 

Now we have seen that although this tree-like 
arrangement of natural groups was as suppentive as 
anything could well be of all the forms of life being 
bound together by the ties of genetic relationship, 
such was not the inference which was drawn from iG 
Dominated by the theary of special creation, natu. 
ralista either regarded the resemblance of type subor= 
dinate to type as expressive of divine ideals mani- 
fested in such creation, ot else contented themselves 
with investigating the facts without venturing to 
speculate upon their philosophical import. But even 
those naturalists who abstained from committing 
themselves to any theory of archetypal plans, did 
not doubt that facts so innumerable and so uni- 
versal must have been due to some one co-ordi- 
naling principle- thal, even though they were nol 
able to suggest what it was, there must have been 

some Didden, pend.of connexion, ruqning through the 
whole of organic nature, Now, as #8 have seen, it is 
manifest to evolutionists Usut this hidden bond can be, 
nothing else than heredity} and, therefore, that these 
datlicr Halivalists, although they did not know what 
they were doing, were really tracing the lines of 
genetic descent as revealed by degrees of structural 
resemblance, that the arboresent grouping of organic 
forms which their labours led them to begin, and in 
large measure to exccule, was in fact a family tree of 

“Ife, 

Here, then, is the substance of the argument from 
classification, The mere fact that all organic nature 
thus incontestably lends itself to a natural arrange» 
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ment of group subordinate to group, when due 
regard is pail lo degrees of anatomical resemblance 
--thiy mere fact of ilself tells so weightily in favour 
of descent with progressive modification in different 
lines, Uhat even if it stood alone It would be entitled 
to rank as one of our strongest pieces of evidence, 
But, as we have seen, it does not stand alone. When 
we look heyond this large and general fact of all the 
innumerable forms of life being thus united im a 
tree-like system by an unquestionable relationship of ° 
some kind, to those smaller details in the science of 
classification which have been found most useful as 
guides for this kind of research, then we find that all 
these details, or empirically discovered rules, are 
exactly what we should have expected them to be, 
supposing the real meaning of classification to have 
been that of tracing lines of pedigree, 

In particular, we have seen that the most archaic 
types are both sintpler in their organization and more 
generalized in their characters than are the more 
recent lypes—a fact of which no explanation can be 
given on the theory of special creation. But, upon the 
theory of natural eyolution, we can without difficulty 
understand why the carlicr forms should have been 
the simpler forms, and also why they should have 
been the most generalized. Tor it is out of ‘the older 
forma that the newer must have grown; and, as they 
multiplied, they must have become more and more 
differentiated, 

Again, we have seen that there is no correlation 
between the imporlance of any .structure from a 
classificatory point of view, and the importance of that 
siructure to the organism which presents it. On the 


a 
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contrary, it is a general rule that “ the less any part of 
the organization js concerned with special hahits, the 
more important it becomes for classification.” Now, 
fromthe point of view of special creation it is unin= 
telligible why unity of ideal should be most manifested 
by least important structures, whereas from the point of 
view of evolution it is to be expected that these fife. 
serving structures should have heen most fiable to diver. 
gent modification in divergent lines of descent, or in 
adaptation Lo different conditions of life, while the trivial 
or less important characters should have been allowed 
to remain unmodified, Thus we can now understand 
why all primitive classifications were wrong in princi- 
ple when they went upon the assumption that divine 
ideals were best exhibited by resemblances between 
life-serving (and therefore adaptive) structures, with 
the result that whales were classed with fishes, birds 
with bats, and so on. Nevertheless, these primitive 
naturalists were quite logical ; for, from the premises 
furnished by the theory of special creation, it is much 
more reasonable to expect that unity of ideal should 
be shown in plainly adaptive characters than in trivial 
and more or less hidden anatomical characters, More- 
over, long after biological science had ceased con- 
aciously to follow any theological theory, the apparent 
axiom continued to be entertained, that slructures of 
most importance Lo organisma must alad be structures 
of most importance to systematists, And when at 
last, in the pregent century, this was found not ta be 
the case, no reason could be suggested why it was not 
the case, But now we are able fully to explain this 
apparent anomaly, 

Once more, we have seen that aggregates af. 


Classification, 47 







presenting: resemblances to one another 
have always been found to be of special importance 
as guides to classification, ‘This, of course, is what we 
should have expected, if the real meaning of classifica- 
dion be that of tracing lines of pedigree ; but on the 
theory of speclal creation no reason can be assigned 
why single characters are not such sure tokens of 
a natural arrangement as are aggregates of characters, 
however Uivial the litter may be. For it is obvious 
thal unity of ideal might have been even bette: 
displayed hy everywhere maintaining the pattein of 
some one important structure, than by doing so in the 
case of several unimportant structures. Take an 
analogous instance from human contrivances. Unity 
of ideal in the case of gun-making would be shown by 
the same principles of mechanism running through all 
the different sizes and shapes of gun-locks, :ather than 
by the ornamental patterns engraved upon the outsides, 
Yel it must be supposed that in the mechanisms 
assumed lo have been constructed by special creation, 
it was the trivial details rather than the fundamental 
principles of these mechanisms which were chosen by 
the Divinity lo display his ideals, 

And this leads us to the next consideration 
namely, that when in tio different lines of descent 
animals happew to adopt similar habils of life, the 
modifications which they undergo in order to fit them 
for these habits often induces striking resemblances of 
atrueture between the two animals, as in the case of 
whales and fish, But in all such instances it is 
invarlably found that the resemblance is only super- 
ficial anc apparent: not anatomical or real, In other 
words, the resemblance docs not extend further than 
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it is necessary that it should, if both sets Of organs are 
to be adapted to perform the same funclipns. Now 
this, again, is just what one woukl expéct lo find as 
the universalerule on the theory of descent, with modi- 
fication of ancebtral characters, Bul, an the apposite 
‘Theory of special creation, I know not how tt iv to be 
explained that among so many instances of clase 
superficial resemblance between creatures belonging 
to different branches of the tree of life, there are 
no Instances of any real"or anatomical resemblance, 
So far as their structures are adapted to perform a 
common function, there is in all such cases what may 
he termed a deceptive appearance of some unity of 
ideal; bul, when carefully examined, it is always 
found that two apparently identical structures occurring 
on different branches of the classificatory tree are in 
fact fundamentally different in respect of their struc 
tural plan, 
Lastly, we have seen that one of the guiding prin. 
ciples of classification has been empirically found to 
consist in setting a high value on “ chains of affinities,” 
That is to say, naturalists not unfrequently meet 
with a long series of progressive modifications of type, 
which, although it cannot be said that the continuity 
iy anywhere broken, at last leads to so muckpdivergence 
of character that, but for the intermediate links, the 
membery at each end of the chain could not be sus» 
pected 6f being in any way related. Well, such cases 
of chains of affinily obviously tell mast strongly in 
favour’ of descent with continuous modification ; while 
i( is impossible to suggest why, if all the links were 
rseparately forged by ag many acts of special creation, 
there mad have been this gradual transmutation of 
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} om 
characters carried to th -point where the original +‘ 
creative ideal has been sp completely transformed ‘ 
that, but for the accident of the chain being still 
complete, no one of nature's interpreters sould possibly 
have discovered the connexion, For, hs we have seen, 
this is not a case in which any appeal’can be logically * 
made lo the argument from ignorance of divine method, 
unless some independent evidence could be adduced 

in favour of special creation, And that no such inde- 
pendent evidence exists, it will be the object of future 
chapters to show, 


CIIAPTER HI, 
MortitoLoay. 


Tue theory of evolution supposes that hereditary 
characters admit of being slowly modified wherever 
their modification will vender an organiym better 
suited to a change in its conditions of life. Let 
us, then, observe the evidence which we have of such 
adaptive modifications of structure, in cases where 
the need of such modlification is apparent. We may 
begin by again taking the case of the whales and 
porpoises, The theory of evolution infers, from the 
whole stiucture of these animals, that their pro- 
genitors must have been terrestrial quadrupeds of 
some kind, which gradually became more and more 
aquatic ih their habits. Now the change in the 
conditions of their Ife thus brought about would 
have tendered desirable great modifications of slruc« 
ture, These changes would have begun by affecting 
the least typical that ia, the lena strongly inherited 
structures, such as the skin, claws, and teeth. But, 
as time went on, the adaptation would have ex- 
tended to more typical structures, until the shape of 
the body would have become affected by the bones 
and museley required for terreatrial locumotion he» 
coming better adapted for aquatic locomotiun, and 
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the whole outline of the animal more fish-like in 
shape, This is the stage which we actually observe 
in the scals, where the hind legs, although retaining 
all their typical bones, have become shortened up 
almost to rudiments, and directed backwaids, so as 
to be of no use for walling, while serving to complete 
the fishelike taper of the body. (Ifig.a.) But in the 
whales the modification has gone further than this, 
so that the hind legs have ccased to be apparent 
externally, and are only represented internally-~and 
even this only in some species-—-by remnants so 
rudimentary that it is difficult to make out with 
certainty the homologies of the bones; moteover, 
the head and thé! whole body have become com- 
pletely fish-like in shape, (Jig. 3.) But profound 
ag are these alterations, they affect only those parts 
of the organism which it was for the benefit of the 
organiam to have altered, so that it might be adapted 
to an aquatic mode of existence. Thus the arm, 
which is used as a fin, still retains the bones of the 
shoulder, fore-arm, wrist, and fingers, although they 
are all enclosed in a fin-shaped sack, so as to render 
them useless for any purpose other than swimming, ” 
(Ig. 4.) Similarly, the heatl, although it so closely 
resembles the head of a fish In shape, still retains 
the bones of the mammalian skull in their proper 
anatomical relations to one another; but modified 
in form s0 aa to offer the least possible resistance 
to the water. In short, it may be said that all the 
modifications have been effected with the least pos- 
sible divergence from the typical mammalian type, 
which is compatible with sccming so perfect an 
adaptation to a purely aquatic mode of life. 
Ea 
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Now I have chosen the case of the whale and 
porpoise group, because they offer so extreme an 
example of profound moidlification of atruckire in 
adaptation to changed conditions of life, Rut the 
same thing may be seen in hundreds and handreds 
of other cases, Jor instance, to confine our attention 





Fra, qm-Paddle of Whale compared with Tand of Man Drawn 
fiom nature (A. Goll. Sag Atte.) 


to the arm, not only is the Hmb modified in the whale 

» for awimming, but in another mammal--the bat-it 4 

‘is modified for flying, by having the fingers enor- 
mously clongated and overapread with a membranour 
aveb, . 

In birda, again, the arm is modified for flight tn 

a wholly different way--the fingers here being very 

* 
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short and all run together, while the chief expanse 
of the wing is composed of the shoulder and fore- 
arm. In frogs and lizards, again, we find hands 
more like our own; but in an extinct species of 
flying reptile the modification was cxlreme, the 
wing having been formed by a prodigious clonga- 
tion of the fifth finger, and a membrane spread 
over it and the reat of the hand, (Iig, 5.) Lastly, 
in serpents the “hand and arm have disappeared alto- 
gether, No 
Thus, even if we confine out attention to a single 
organ, how wonderful are thé modifications *which 
it is seen to undergo, although never losing its typical 
character. Lverywhere we find the distinction be- 
tween homology and analogy which was explained 
in the last chapter—the distinction, that is, between 
correspondence of structure and correspondence of 
function, Qn the one hand, we meet with structures 
which are perfectly homologous and yet in no way 
analogous; the structural clements remain, but are 
profoundly modified so as to perform wholly different 
« functions, On the other hand, we meet with struc- 
lurea which are perfectly analogous, and yet in no 
way homologous: totally different structures are 
modified to perform the same functlong How, then, 
, are we to explain theae things? By design mani- 
feated in special creation, or by descent with adaptive 
modification? If it ia sald by design manifested in, 
special creation, we must suppose that the Deity 
formed an archetypal plan of cortain structures, and 
that he determined to adhere to this plan through 
all the modifications which those structures exhibit. 
But, if so, why is it that some structures are selected 
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as typical and not othdrs? ~=Why should the vertebral 
skeleton, for ingtance, be tortured into every conceiv- 
able variety of modification ih order to subseive as 
” great a variely of functions ; while another structure, 
such aa Lhe eye, is made in different sub-kingdoms 
dn fundamentally different’ plans, notwithstanding 
that it has‘ throughout tp perform the same function ? 
wt anyone have the hardthood to assert that in 
the case of the skeleton the Deity has endeavoured 
i6 show his éuggiuit, by the manifold functions to 
which he has made the same structure subservient ; 
while in the case of the eye lie has endeavoured to 
shoyy his resayrces, by the manifold structures which 
, he,hag,adapted to serve the same function? If so, 
‘it becomes a most unfortunate circumstance that, 
throughout,both the vegetable and animal kingdoms, 
all cases Which can be pointed to as showing inge- 
niava adaptation of the same typical structure to the 
seifgrmance of widely different fynctions—-or cases 
of homology without analogy,—are cases which come 
within the limits of the same natural group of plants 
afi animals, and therefore admit of being equally, 
ee explained by descent from a copimon ancestry ; 
* while all caaes of widely "different structues per~ 
forming the same finelion—or cases of analogy 
without homology,--are to be found in difféent’ ’ 
»groupa of plants ar anithals, and are therefore sug~ 
geativé of independent variations arisiig in the »dif- 
forent lines of hereditary descent. = 
“To take a apecifié illustration, ‘The i are or 
devil-fish, belongs to pawitlely, different class of animal 
from a true fish; and’ yet Its éye, in general appear- 
ance, looks wonggitully* tke the eye of a true fish. 
wf 
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Now, Mr. Mivart pointed to this fact as a great 
difficulty in the way of the theory of evolution by 
natural selection, because it must clearly be a most 
improbable thing that so complicated a structure as 
the eye of a fish should happen to be arrived at 
through each of two totally different lines of descent, 
And this difficulty would, indeed, be a formidable one 
to the theory of evolution, if the similarity were not 
only analogical but homological, Unfortunately for 


the objection, however, Darwin clearly showed in his, 


reply that in no one anatomical or homologous 
feature do the two structures resemble one another ; 
so that, in point of fact, the two organs do not 
resemble one another in any particular further than it 
is necessary that they should, if both are to be 
analogous, or to serve the same function as organs of 
sight, But now, suppose that this had net been the 
case, and that the two structures, besides presenting 
the necessary superficial or analogical resentblance, 
had also presented an anatomical ar homologous 
resemblance, with what force might it have then been 
urged—~Your hypothesis of hereditary descent with 


progressive modification being here excluded by the: 


fact that the animals compared belong: to twa widely 
different branches of the tree of life, how are we lo 
explain the identily of type minifested by these two 
complicated organs of vision? the only hypothesis 
open to us is intelligent adherence to an ideal plan or 
mechanism, But as this cannot now be urged fn any 
comparable case throughout the whole organic world, 
wemay on the other hand present jt asa most significant 
fact, that while within the limtts of the same large 
branch of the tree of life we constantly find the same 
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typical structures modified so as to perform very 
different funetions, we never find any of these 
particular typea of structure in other large branches, 
of the tree, ‘That is to say, we never find typical”” 
alructuces: appencing except in cases where thelr 
presence may be explained by the hypothesis of 
hereditary descent; while in thousands of such cases 
we find these structures undergoing every conceivable 
variety of adaptive modification, 

Consequently, special creationists must fall back 
upon another position and say,—Well, but it may have 
pleaged the Deity to form a certain number of ideal 
types, and never to have allowed the structures 
occurring in one type to appear in any of the others. 
We answer, - Undoubtedly such may have been the 
case} but, if so, it is a most unfortunate thing for your 
theory, hecnuse the fact implies that the Deity has 
planned his types in such a way as to suggest the 
counter-theory of descent, For instance, it would 
seem most capricious on the part of the Deity to have “es 
made the eyes of an innumerable number of fish on 
exactly the same Ideal type, and then to have made 
the eye of the actapus so exactly like these other eyes. 
in superficial appearance an to deceive so acedmplished 
a naturalist as Mr. Mivart, and yot to have taken 
serupulous care that in no one Ideal particular should 
the one type resemble the other. Nowever, adopting 
for the gake of argument thle great assumption, let us ~ 
suppose that God did lay down, these arbitrary rules 
for his own guidance in creation, and then let us see to 
what the assumptlon feads, If the Deity formed a 
certain number of ideal types, and determined that 
on na account should he allow any part of one type 
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to appear in any part of another, surely we should 
expect that within the limits ef the same type the 
same typical structures should always he present. 
Thus, remember what efforts, so: Lo speals, have been 
made to maintain the uniformity of type in the ease of 
the forelimb as previously explained, and should we 
not expect that in other and similar cases a similar 
method should have heen followed? Yet we repeatedly 
find Chat this isnot the case, Even in the while, ag we 
have seen, the hind-limbs are cither altogether absent or 
dwindled almost to nothing; and it is impossible to 
see in what respect the hind-limbs ive of any less ideal 
value than the fore-limbs—which sre carefully pre- 
served in all vertebrated animals except the snales, 
and the extinct Divornts, wheye again we meet in 
this particular with a sudden and sublime indiffere 
ance to the maintenance of a typical structure, (Tig. 4)! 
Now I say that if the theory of ideal types is true, we 
havein these facts evidence of & most unreasonable in- 
consistency, But the theory of descent with continued 
adaptive modification fully explains all the known 
eases; for in every cise the degree of diveryence from 
the typical structure which an organism presents 
corresponds, in a yreneral way, with the lenpdlt of time 
during which the divergence hax been going on 
‘Thus we scarcely ever meet with aay great departure 
from the typical form with respect to one of the 
organs, without some of the other organs being xo far 
modified as of themselves to indicate, one the sup» 

* Te ia, however, protimble that all wprotes of the gene retained a ny 
mfiment of winga in greatly dwinditel seapituxcuraceld bones, And 
Mn UL 0, Forbes haw detected, in a recently exhmned spéblinen of the 


Inter, an intonation of the glenoid cavity, for the artleulatlon of an 
extremoly aborted humors. (Seo Madr, Jan. ryth, 1899), 
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Fa. 6 Skeleton of Jnetais gravis, yy nat. size. Drawn from nature 
(Brit. Alus.). Assoparate cute on a larger scale aie shown, tel, the sternum, 
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position of descent with modification, that the animal 
or plant must have been subject to the modifying 
influences for an cnormously long series of generations, 
And this combined testimony of a number of organs 
in the same organism is what the theory of descent 
would lead us to expect, while the rival theory of 
design can offer no explanation of the fact, that when 
one oigan shows & conspicuous departure from the 
supposed ideal type, some of the olher oigang in the 
same organism should tend to keep it company by 
doing likewise, 

As an illustration both of this and of other points 
which have been mentioned, I may draw attention to 
what scems to me a particularly suggestive case So- 
called soldier- or hermil-erabs, are crabs which have 
adopted the habit of appropriating the enyply shells 
of mollusks, In association with this peeullar habit, 
the structure of there animals differs very greatly from 
that of all other crabs, In particular, the hinder part 
of the body, which occupica the mollusk-shell, and 
which therefore has ceased to require any hard cover. 
ing of its own, has been suffered to lose its calem cous 
integument, and presents a soft fleshy character, quite 
unlike that of the more exposed parta of the animal, 
Moreover, this soft Meshy part of the creature is 
specially adapted to the particular requirements of 
the creature by having its lateral appendayer—1 ¢. 
appendages which in other crustacea perform the 
function of legs~ modified so ay to act as claspers to 
the inside of the mollusk-shell; while the tileend of 
the part in question is twisted into the farm of a spiral, 
which fits into the spiral of the mollusk-shell, Now, 
in Keeling Island there is a large kind of crab called 
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Rirgus iniro, which lives upon Innd and there feeds 
upon cacoaenuts, The whole structure of this crab, it 
seama to me, Unmistakeably resembles the structure 
of a hermit-erah (see drawings on the next page, 
Vig. 7), Yet this ernb neither lives in the shell of 
a mollusk, nor is the hinder part of its body in the soft 
and fleshy condition just described : on the contrary, it 
is covered with a hard integument like all the other * 
paris of the animal, Consequently, I think we may infer 
that the ancestors of Airgvs were hermit-crabs living 
in mollusk-shells ; but that their descendants grad- 
ually relinquished this habit as they gradually became 
more and more terrestrial, while, concurrently with 
these changes in habit, the originally soft posterior 
parts acquired a hard protective covering to take the 
place of that which was formerly supplied by the 
mollusk-shell. So that, if so, we now have, within the 
limits of a single organism, evidence of a whole scrics 
of morphological changes in the past history of its 
species, Tiral, there must have been the great change 
from an ordinary crab to a hermit-crab in all the 
respeela previously pointed out. Next, there must 
have been the change back again from a hermit-cralt 
to an ordinary crab, so far as living without the ne- 
cenally of a mollusteshell is conceined, From+an 
evolutionary point of view, therefore, we appear to have 
in the existing struchire of Hixgus a morphological 
record of all these changes, and one which gives us a 
reasonable explanation of why theanimal presents the 
extraordinary appearance which it docs, But, on the 
theory of special creation, it is inexplicable why this 
land-crab should have bean formed on the pattern of 
ahermit-cab, when ijuever has need to enter the shell 
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of a mollusk. Th other words, its peculiar structure 
, iy not specially in keepingSwith ils present habits, 
although xo cuiously allie to the similar structure 
af cerliltd pther crabs of totally differeyt habits, in 
relation, to which, the peculiatities are Of plain and 
obvious sipnffieamec, 
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T will devote the remainder of this chapigr to 
connidering: another branch of the argument fom! 
morphology, lo which the case of Bingus serves as 
a suititble inteoduetton: T mean the argument from 

* sudimentary stioclures, “4 ae 

Thebughout hoth the animal and vegetable king- 

dams w¢" constantly meet with dwarfed and useless 

+ Pepregentutives of argans, which in other and allied 
kinds of animala and plants are of large size and 
funetiunal utility, ‘Thus, for instance, the uaboin 
whale ifs rudimentary teeth, which are never des- 

*  tinecl ta ent the gums; and throughout its life this 
animal retainy, ina similaily rudimentary condition, 

a number of orga which never could have been of use 

to any kind of creature save a terrestiial quadiuped, 
The whole anatomy of ils internal ear, for example, 
havieference to hearing In al—~or, as Hunter loag ago 
‘yemarked, “is constructed upon the same principle as 

in the ymulped’s yet, as Owen says, “the outer 
opening and pasaage Jeading therefrom to the tym- 

* panum can mrely be affected by sonorous vibrations 
+ ,af the atinosphere, and indeed they are reduced, or 
have degenerated, to a degree which makes it difficult 

to concelve how such vibrations can be propagated lo », 
“phe carédrum during the brief moments in which the 
opening may be raised above the water,” 
* * y 
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Now, rudimentiry organs of this kind are of such 
frequent eccurrence, Uhl almost every specios presents 
one or more of theme usually, Indes, a considerable 
number. Tow, then, are they to be aeeaunted: for? 
Of course the theory of descent with adaptive nvedifi- 
cation has a simple anawer lo supply nitmedly, that 
when, fram changed conditions of life, an arpan whieh 
was previously useful becomes useless, will le site 
fered Co dwindle away in successive penesadions, wider 
the influence of certain natured causes whieh we shall 
have to consider in future chapters. On the ather 
hand, the theory of special eveation ean only taintuia 
Chat these rudiments aie formed for the sake of ads 
hering to an ideal type. Now, bere again the former 
theory appears Lo be Uiumphint over the bitter) for, 
without wailing to dispute Che wisdont uf making 
dwarfed and useless structures inerely for the whinn. 
sical motive assigned, surely if such a method were 
adopted in se many eases, we should expect Chat in 
consistency it would be adapted in all eases. This 
reasonable expectation, however, ix far fem hein 
realized, We have already seen that fa amc rless 
cases, such its that of the forelimbs of secnents, ta 
vestige of a rudiment is present. Bat the wae cing 
policy iy the matter of wuetiments does not end heres 
for itis shown ina still move aggravated! foun where 
within the limits of the same natural proup of ore 
ganisms a rudiment is sometimes proscit and somes 
Uimes absent. For instance, although in nearly all the 
aumerons species of snakes there ae ne vestiges uf 
limbs, in the Python we find very tiny rudiments af the 
hind-limibs. (lig. 8) Now, is i ccworlhy conception of 
Deity that, while neglecting: te maintain his unity of 
Ce 


ra . 


4 


a 


Morphology, 67 


ideal in the case of nearly all the numerous species 
of snakes, he should have added a tiny rudiment in 
the case of the Python --and even in that case should 
have maintained his ideal very inefficiently, inas- 
mitch as only Gwe limbs, instead of four, are repre- 
sented?  TTow much more reasonable is the natura. 


Boe rlion. 
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x My Hier tne ba al 

Vid, Batthseatary or sentgtnt bhnsl-linbs of Python, as exhibited 

In the skeb ton snd ane the external aurface of (he animal, Drawn from 


niatuce, $ unt. alee (Zovdognad Gardens), 


Hatie interpretation; for here the very irregularity of 
thelr appearnee in different species, which constitutes 
rudimentary atructures one of the crowning difficultics 
to the theory of special design, furnishes the best 
possible evidence in favour of hereditary descent ; 
xecing that this irregularity then beeomes what may 
be termed the anticipated expression of progressive 
¥2 we 
¥ 
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dwindling due to inutility. Thus, for example, ty 
return to the case of wings, we have already seen 
that in an extineL genus of bird, évarais, Uhese 
organs were reduced to such an extent as to leave 
it still doubtful whether so much as the tiny rudiment 
hypothetically supplied to Fig, 6 (p. 61) was present 
in all the species, And here is another well«known 
case of another genus of still existing bird, which, us 
was the case wilh Divernis, occurs only in New 
Zealand, (Fig. y.) Upon this island there are no four 
footed cnemics—cither existing or extinc(=-to escape 
from which the wings of birds would be of any service. 
Consequently we can understand why on this islind 
we should meet with such a remarkable dwindling 
away of wings. 

Similarly, the logger-headed duck of South America 
can only flap along the surface of the water, having 
ils wings considerably reduced though leas so than 
the Apéerpa of New Zealand. But here the interesting 
fact is that the young birds are able to fly perfectly 
well. Now, in accordance with a general Jaw to be 
considered in a future chapter, the life-history of an 
individual organism is a kind of condensed recapitu- 
lation of the life-history of its species, Consequently, 
we can understand why the little chickens of the 
logger-headed duck are able to fly dike all other ducks, 
while their parents are only able to flap along (he 
surface of the water. 

Facts analogous Lo this reduetfon of wings ty birds 
which have no further use for them, are to be met 
with also in {insects under similar circumstances, 
Thus, there are on the island of Madeira somewhere 
between 500 and 600 species of beetles, which are in 
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large part peculiar to that island, though related to 
other and therefure presumably parent—species on 
the nedhbouring continent. Now, no less than aco 
species or nearly half the whole number—are so far 
deficient in wings that they cannot fly, And, if we 





Pitt. gue atAtenva Austradis, Tirawn fram life in the Zoologteal 
Cardona, fata, "The external wing ix drawn to a scale in (he upper 
pat af the ent. ‘The mirroundinga are suppiled from the moat recent 
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disregard the species which are not peculiar to the 
island~-thal is to say, all the species which likewise 
occur on the neighbouring continent, and therefore, 
as evolutionists conclude, have but recently migrated 
to the island,—we find this very remarkable proportion. 
There are altogether ay peculiar genera, and out of 
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these no Joss than 23 have a// their species in this 
condition, 

Similar facts have heen recently observed by the 
Rev. A. I. Eaton with respect to inscets inhabiting 
Kerguelen Island, All the species which he found 
on the island- viz, a moth, several flies, and mumerous 
beetles--he found to be incapable of flight; and 
therefore, as Wallace observes, “as there inseets coukl 
hardly have reached the islands in a wingless state, 
even if there were any other known land inhabited by 
them, which there is not, we must assume that, like 
the Madeiran insects, they were originally winged, 
and lost their power of flight because ils possession 
was injurious to them ~ Kerguelen [sland being “one 
of the stermical places on the globe,” and therefore a 
place where insects could rarely afford to fly without 
incurring the danger of being blown out lo sca, 

Tere is another and perhaps ao even more suggestive 
class of facts. 

It is now many years ago since the editors of 
Siliman's Fournal requested the late Professor A passiz 
to give them his opinion on the following question, 
Tn a certain dark subterranean cave, called the 
Manimoth cave, there are found some peculiar species 
of blind fishes, Now the editors of Si/iman's Zournal 
wished to know whether Prof, Agassiz would hold 
that these fish had been specially created in’ these 
caves, and purposely deveided of eyes. which could 
never be of any use to them; er whether he would 
allow that these fish had probably descended from 
other species, but, having got into the dark cave, 
gradually lost their eyes through disuse. Drof, 
Agassiz, who was a believer in special creation, 
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allowed that this ought to constitute a crucial test as 
between the two theories of special design and here- 
ditary descent. “Tf physical circumstances,” he said, 
“over modified organized beings, it should be easily 
ascertained here? Aud eventually he gave it as his 
opinion, that these fish “were created under the cir 
cumstances in which they now live, within the limits 
over whieh they now range, and with the structural 
peculiarities which now characterise them.” 

Since then a great deal of attention has been paid 
to the fauna of this Mammoth cave, and also to the 
faunas of other dark caverns, not only in the New, 
but also in the Old World, In the resull, the fol- 
lowing general facts have been fully established. 

(1) Not only fish, but many representatives of other 
classes, have been found in dark caves, 

(2) Wherever the caves are totally dark, all the 
animals are blind. 

(3) Tf the animals live near enough to the entrance 
to reecive some degree of light, they may have large 
and lustrous eyes. 

(4) In all casey the specics of blind animals are. 
closely allied Lo species inhabiting the district where 
the caves occur; so that the blind species inhabit- 
ing American cives are closely allied to American 
apecics, while those inhabiting European caves are 
closely allied to uropean species, 

(3) In nearly all cages strnctural remnants of cycs 
admit of being detected, in various degrees of obsoles- 
cenee, In the case of some of the crustaceans of the 
Manmoth cave the foot-stalks of the eyes are present, 
although the eyes themselves are entirely absent, 

Now, it is evident that all these general facts are in 
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full agreement with the theory of evolution, while 
they offer serious difficultics to the theory of special 
creation, As Darwin remarks, itis hard to imagine 
conditions of life more similar than those furnished by 
deep limestone caverns under nearly the same climate 
in the two continents of America and Turope; so 
that, in accordance with the theory of special creation, 
very close similarity in the organizations of the two 
sets of faunas might have been expected, But, 
instead of this, the affinitics of these two sets of 
faunas are with those of their respective continents-—- 
as of course they ought to he on the theory of 
evolution, Again, what would have been the sense 
of creating useless foot-stalks for the imaginary sup- 
port of absent eyes, not to mention all the other 
various grades of degeneration in other cases? So 
that, upon the whole, if we agree with the late Prof, 
Agassiz in regarding these cave animals as furnishing 
a crucial test between the rival theories of creation 
and cvolution, we must further conclude that the 
whole body of evidence which they now furnish is 
weighing on the side of evolution. 

So much, then, fora few special instances of what 
Darwin called rudimentary strietures, bul what may 
be more descriptively designated: in accordance with 
the theory of descent— ohsoleseent or vestigial struc. 
tures, IL is, however, of great importance to add that 
these structures are of such general occurrence through. 
out both the vegetable and animal kingdoms, that, as 
Darwin has observed, it is almost impossible to point 
to a single species which does not present one or 
more of them. In other wards, it is ‘almost impos- 
sible to find a single species which docs not in this 
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way bear some record of its qwn descent from other’ 
specles ; and the more closely the structure of any 
species is examined analamically, the more numerous 
are such records found to be. Thus, for example, of 
all organisms that of man has been most minutely 
investigated by analomists; and therefore I think it 
will be instructive to conclude this chapter by giving 
a list of the more noteworthy vestigial structures 
which are known to occur in the human body, I will 
take only those which are found in adull man, resei ving 
for the next chapter those which occur in a transitory 
manner during carlier periods of his life. But, evén as 
thus restricted, the number of obsolescent structures 
which we all present in qur own persons is so remark- 
able, that their combined testimony to our descent from 
a quadrumanous ancestry appears to me in itself con- 
clusive. I mean, that even if these structures stood 
alone, of apart from any more general evidences of 
our family relationships, they would be sufficient to 
prove our parentage. Nevertheless, it is desirable to 
remark that of course these special evidences which I 
am abgut to detail do not stand alone, Not only is 
there the general analogy furnished by the general 
proof of evolution elféwvhere, but there is likewise 
the more special correspondence between the whole 
of our anatomy and that of our nearest zoological 
allles. Naw the force of this latter consideration is so 
enormous, that no one who has not studied human 
anatomy can be in a position to appreciate it, For 
without apecial study it is impossible to form any ad- 
equate idea of the intricacy of structure which is pre- 
sented by the human form. Yet it is found that this 
enormously Intricate organization is repeated in all its 
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details in the bodies of the higher apes. There ia no 
bone, muscle, nerye, or vessel of any importance In the 
one which is not answered to by the other Hence 
there are hundreds of thousands of instances of the 
most detailed correspondence, without there being 
any instances to the contrary, if we pay due regard 
to vestigial characters, ‘The entire corporeal structing 
of man is an exact anatomical copy of that which we 
find in the ape, 

My object, then, here is to limit altention to those 
featmes of our corporeal structure which, having 
become useless on necount of our change in attitude 
and habits, are in process of becoming obsolete, and 
therefore occur as mere vestigial records of a former 
slate of things, Vor example, throughout the verte. 
brated series, from fish to mammals, there occurs in 
the inner corner of the eye at semi-transparent eyelid, 
which is called the nictitating membrane, ‘The abject 
of this structure is to sweep rapidly, every now and 
then, over the external surface of the eye, apparently 
in order to keep the surface clean, But although the 
membiane occus in all classes of the sub-kingdom, 
it is more prevalent in some than in others eg, 
in birds than in mammals. even, however, where it 
does not occur of a size and mobility to be of any use, 
it is usually represented, in animals above fishes, by a 
functionless rudiment, ay here depicted in the case of 
man. (Iig. 10.) 

Now the organization of man presents sa many 
vestigial slructurey Lhus referring to varlous stages of 
his long ancestral history, that it would be tedious so 
much as to cnumernte them, Therefore I will yet 
further limit the list of vestigial structures to be given 
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as examples, by not only restricting these to cases” 
which occur in our own organization; hut of them T 
shall mention only such as refer us to the very last 
stage of our ancestral hislory—viz. structures which 





Va. t-—Rudimentary, or vestigial and wielear, mucles of the 
human ear. (Irom Gray's lnatony.) 


have become obgolescent since the time when our cis 
tinctively human branch of the family tree diverged from 
that of our immediate forefathers, the Quadrumana, 
(1) Muscles of the external car—-These, which gare 
of large size anc functional use in quadrupeds, we 
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“retain in a dwindled and uscless condition (Fig. 11). 
This is likewise the case in anthropoid apes; but in 
not a few other Quadrumana (cg. baboons, macacus, 
magals, &e,) dezencration has not proceeded so far, 
and the cars are voluntarily moveable, 

(2) Panniculus carnosis—A large number of the 
mammalia are able to move their skin by means of 
subcutaneous muscle—as we see, for instance, in a 
horse, when thus protecting himself against the 
sucking of flics. Wo, in common with the Quad- 
rumani, possess an active remnant of such a muscle in 
the skin of the forehead, whereby we draw up the 
eyebrows; but we are no longer able to use other 
considerable remnants of it, in the scalp and elsewhere, 
—or, more correctly, it is rarely that we meet with 
persons who can, But most of the Quadrumana 
(including the anthropoids) are still able to do s0, 
There are also many other vestigial muscles, which 
occur only in a small percentage of human beings, 
but which, when they do occur, present unmistakeable 
“homologies with normal muscles in some of the Quad~ 
fumana and still lower animals 4 

(3) Hect—It ts observable that in the {nfant the 
fect have n strong deflection inwards, so that the soles 
in consicerable measure face one another, * This 
peculiarity, which is even more marked in the embryo 
than In the infant (see p. 153), and which becomes 
gradually Jess and Jess conspicuous even before the 
child begins to walk, appears to me a highly sugges- 
tive peculiarity. Tor it plainly refers to the condition 


1 Soe especially Mr. John Wood's papers, rae, 2, S., xili to xv, and 
xvlibt alao Journ, Anat, {and ii, In this connexion Darwin refers 
to M, Richard, fauls. d, Se. Nat, Zoolg., tom. xviii, p. 13, 1854, 
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of Chings.in the Quadeumana, secing that in all these 
animals the feet ave similarly curved inwards, to 
facilitate the grasping of branches, And even when 
walking on the ground apes and monkeys employ to 
a great extent the outside edyes of their fect, as docs 


. 





Tit, tae -Portralt of young inals potilla (alter Ufartniama, 


also a child when leaning to walk, The feet of a 
young child are also extraordinaily mobile in all 
directions, as are those of apes. In drdertto show 
these points, [ here introduce Snipes ceric? 
gf a young ape and the lower exLegtifites*of a still 
younger child. ‘These drawings, moreover; sofive’ at the 
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same time Lo iflustiate two otbet vestigial characters, 
which have offen heen previonsly noticed’ witharegard 
to the infant's (ool. I allude to the incutved form of 
the legs, and the lateral extension of the peat ‘Loe, 
wherehy ft approaches the thumb-like character of 





hig, 1g] ower estieiniiies of a young child, Drawn from life, 
when the mobile feet were form short time at reat in a position of 
exticine Inflection, 


this organ in the Quaciumana, As tn the case of 
the incurved position of the legs and feet, so in this 
case offthe Igtoral extensibility of the great toc, the 
peculiartysizyeven more marked in embryonic than in 
infant life’ Bee,as Prof Wyman has remarked with 
regard $0 tbe foatus when about an inch in length, 
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© The great toc is shorter than the others; and, instead 
of being parallel to them, is projected at an angle from 
the side of the fool, thus corrgsponding with the pers 
manént condition of this part in the Quadrumanal,” 
So that this organ, which, according to Owen, “is 
‘perhaps the most characteristic peculiarity in the 
human structure,” when traced back to the carly 
slages of its development, is found to present a 
notably less degiee of peculiarity, , 
(4) Hends--Dr. Louis Robinson has reechtly 
observed that the grasping power of the whole human 
. hand is so surprisingly great at birth, and during the 
first few weeks of infancy, as to be far in excess of 
4 present requirements on the part of a young elilld, 
Ufence he concludes that it refers us to our quadra- 
Manous ancestry- -the young of anthropoid apes deing 
endowed with similar powers of grasping, in order to 
* hold on to the hair of the mother when she is using 
, her arms for the purposes of locomotion. Thia in- 
™foyence appears to me justifiable, inasmuch as Sa 
other explanation can be given of the comparatively 
dnordinate muscular force of an infants grip. Vor 
: experiments showed that very young babies are algle 
to support their own weight, by heldiag on to a 
horizontal bar, for a period varying from one half to 
> ‘more than lve minutes *. With his kind permission 
There reproduce one of Dr. Roblason’s instantaneous, 
and hitherlo unpublished, photographs of a very young 
infant, This photograph was taken after the above 
paragraph (3) was wrilten, and*{ introduce it here 
because It serves to show incidentally—and perhaps 
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2 


as 


* Alorphotogy, 81 


even betler than the preceding figure—the points 
there mentioned with regard to the feet and great 
toes, Again, as Dr. Robinson observes, the attitude, . 
and the disproportionately laige development of the 
arms as compared with the legs, give all the photo- 4 
graphs a striking resemblance to a picture of the‘ 





Hige TqeeAn Infant three weeks old, supporting tts own weight for 
over two minntes, ‘The altitude of (he lower Hubs, feel, and lose; 
le stukingly simian, Reproducut fom an fnstautangous photograph, 
kindly given fur the purpose hy Dr, L. Robinson, 


chimpanzee “Sally” al the Zoological Gardens. For 
‘invariably the thighs are bent nearly at sight angles 
to the body, and in no ‘case did the lower limbs hang 
down and take the attilude of the erect position.” ie 


adds, *In inany cases no sign of distress is evinced, 
* G 


, 
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and no cry uttered, until the grasp hegins to give 
way.” 

(5) Zaél—The absenee of a tail in man is popularly 
supposed to constilute a difficulty against the doctrine 
of his quadrumanous descent, As a matter of fact, 
however, the absence of an external lail in man is 
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Tra. tg. Sacrum of Goiilln comparcd with that of Man, showing the 
wdawntary inl-lnes of each, Diawn fiom natme (AL Coll Sry 
AMus,). 


precisely what thix ductrine would expect, seeing that 

the nearest allies of mau in the quadrumanous serica 

aie likewise clestitute of an extertal tail, Tar, then, 

from this deficiency in man constituting any diMeulty 

to he accounted for, if the case were not so—i.e, if man 

did possegs an external tail-—the difficulty would be 
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to understand “how he had managed to t1elain an 
organ which had been renounced by his most recent 
ancestors, Nevertheless, as the anthropoid apes con- 
linue Lo present the iadimentary, vestiges of a tail 
in a few caudal vertehia below the integuments, we 
might well expoct Lo find a similar slate of matters in 
the case of man. And this is just what we do find, as 
a glance al these two comparative illustrations will 
show, (lig. 14.) Moreover, during embryonic life, 
both of the anthropoid apes and of man, the tail much 
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Vira. 6, agranmatle outline of the human embryogwhen about 
seven weeks old, showing the relations of the Imbs aud tail to the 
teunte Cader Allen ‘Thamson). 7, the uadial, aud a, the waa, border of 
the hand and forearm; 4 the Ubinl, and 4 the fibulat, border of the 
foot and lower legs ai, end; S, spinal cord ; v, umbilical coud ; 4, bianchiat 
gilleslites ¢, tail, 


more closely resembles that of the’ lower kinds of 
quadrumanous animals from which these higher re- 
pregentatives of the group have descended. Tor at 
a certain slage of embryonic life the tail, both of apes 
and of human beings, is actually longer than the legs 
(see Fig. 16), And at this stage of development, 
also, the tail admits of being moved by muscles 
which later on dwindle away. Occasionally; however, 
4 (G2 a 
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these muscles persist, and are then deacribed hy 
anatomist as abnormalities, The following ilostra- 
tions serve to show the muscles in question, when tus 
found in adult man. 





CURVATORE concydis Mus. 
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bitte tp e-Tront and back view of acta Tram accent, slov dige 
abnormal perience of veatydal alamo CLhe first dhawing ix 
coped fiom Vio. Watsunes pagar in farad staat and Pynivi, yor. 
pos the accond as compiled fiom difte rout spectuens ) 


(6) Permiform appendix of the Coecum—Vhia is of 
Jarge size and functional use in the process of digestion 
among many herbivorous animals; while in nan iL is 
not only too small lo serve any such purpose, but is 
even a source of danger to life many persons dying 
every year from inflammation set up by the lodge- 
ment in this blind tube of fruit-stones, &e. 

Tn the orang it is longer than in man (lig. 14), a8 
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Vad, Ree elppendiy ve mifor més in Orang and in Man, Diawn from 
diled inflated specimens in the Cambridge Museum by Mi, J. J. Tels. 
ta, J, thom; Co, colony Cy eccum; W, a window cut in the wall 6 a! 
of the couumy x Sx, the appondir. Me 





FIa, 19—-The same, showing variation In the Orang. Drawn fiom 
a spoclmen In tho Museum of the Royal College of Smgeons, 
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it Is algo in the human footus proportionally compared 
with the adult. (Jig. 19.) In some of the lower herbi- 
vorous animals it is longer than the entire hody. 

Like vestigial structures in gene ral, however, this one 
is highly variable. ‘Thus the above cut (lip. 19) serves 
lo show that it may sometimes be almost as short in 
the o1ang as it normally is in man~ both the human 
subjects of this illustration having been normal, 

(7) Zar —Mr, Darwin wriles: 


The celemated sculptor, Mi, Woolner, informs me of one 
little peculiarity in the external car, which he has often obsei ved 
doth in men and women... ‘The 
peeulimity consists ina Hue blunt 
point, projecting from the inwindly 
folded miayin, or helix, When 
present, it da developed at birth, and, 
acconding lo Prof Ludwig Meyer, 
more Hequently in mim than in 
won, Mr. Woolner mace an exact 
model of one such cage, and sent me 
the accompanying drawing... The 
helix obviously consists of the extreme 
magin of the car folded inwards; 
and the folding appears to be in some 
Ti, 20+ Human ety manner connucted with the whole ox- 

oe in nd draw DY ommal ear heing permanently presavd 

t. Woolner, a, the 3 

projecting point. backwuds, [1 many monkeys, which, 
do not stand high in the order, ag 

baboons and some species of mncacua, the upper portion of 
the car is slighlly pointed, and the margin is not at all folded 
inwards; but if the margin wee to be thus folded, a alight 
point would necessatily project townrds the centre .... Tha 
following wood-cut is an accurate copy of a photogiaph of the 
footus of an orang (kindly sent me by Iv. Nitsche), in whieh it 
may be seen how diferent the poihied outline of the ear is at 
this period fiom ils adult condition, when it hems « close 
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general resemblance to that of man fincluding even the oeca- 
sional appearance of the projecting point shown in the preceding 
woodcut}, It is evident that the folding over of the tip of such 
an cnr, unless it changed gically during ils further development, 
would give iise Lo a point projecting inwards ', 
wey 
. ore 
aad x 
a, 





Fig, ar—~Tootus of an Quang, “Tanet copy of a photograph, 
showing the form of the ear at this carly stage. 

The following woodcut serves still further to show 
vestigial tesemblances between the human car and 
thal of apes. The last two figures illustrate the 
general resemblance between the normal car of foetal 
man and the car of an adult orang-outang, The 
other two figures on the lower line are intended to 
exhibit occasional modifications of the adult human 
ear, which approximate simian characters somewhat 
more closely than docs the normal type, It will be 
observed that in their comparatively small lobes these 
ears rescmble those of all the apes; and that while the 
outer margin of one is not wilike that of the Barbary 
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apo, the outer margin of the other follows those of the 
chimpanace and orang. OF course it would be casy 
to select individual human cars which present either 
of these characters in a more pronounced degree ; 
but these cars have been chosen as models because 
they present both characters in conjunction. The 
upper row of figures lilewise shows the close similarity 
of hair-tracts, and the direction of growth on the part 
of the hair itself, in cases where the human car happens 
to be of an abnormally hirsute character. But this 
particular instance (which I do not think has been 
previously noticed) introduces us to the subject of hair, 


and halr-prowth, in general, 1 


(8) 27ain,—Adult man presents rudimentary hair 
over most parts of the body. Wallace has sought to 
draw a refined distinction between this vestigial coating 
and the useful coating of quadrumanous animals, in 
the absence of the former from the human back. But 
even this refined distinction docs not hold. On the 
one hand, the comparatively hairless chimpanzce 
which dicd last year in the Zoological Gardens (7. 
calous) was remaikably denuded over the bacle; and, 
on the other hand, men who present a considerable 
developricnt of hair over the rest of their bodies 
present it also on their backs and shoulders, Again, 
fn all men the rudimentary hair on the upper and 
lower arm is directed towards the elbow-—a peculiarity 
which occurs nowhere else in the animal kingdom, 
with the exception of the anthropoid apes and a few 
American monkeys, where it presumably has to do 
with arboreal habits. Tor, when sitting in trees, the 
orang, a3 observed by Mr. Wallace, places its hands 
above its head with its clbows pointing downwards: 





Reding AM MALE CHIMPANZEE. 
Fia. aj~TTalr-tracis on the nama “and hauls aft Man, as companied 
with those on the arms and hands of Chimpanzge, Drawn hom life. 
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the disposition of hair on the arms and fore-arms then 
has the effect of thatch in turning the rain, Again, 
I find that in all species of apes, monkeys, and 
baboons which I have examined (and they have been 
numerous), the hair on the backs of the hands.and 
fect is continued as far as the first row of phalanges ; 
but becomes scanty, or disappears altogether, on the 
second row; while it is invariably absent on the 
terminal row. I also find that the same peculiarity 
occurs in man. We all lave rudimentary hair on the 
first row of phalanges, both of hands and fect: when 
present at all, it is more scanty on the second row; 
and in no case have I been able to find any on 
the terminal row. In all cases these peculiarities are 
congenital, and the tolal absence or partial presence 
of hair on the second phalanges is constant in different 
species of Quadrumana. Jor instance, it is entirely 
absent in all the chimpanzees, which I have examined, 
while scantily present in all the orangs, As in maf, 
it occurs in a patch midway between the joints. 
Besides showing these two features with regard to 
the disposition of hair on the human arm and hand, 
the above woodcut illustrates a third, By looking 
closely at the arm of the very hairy man from whom 
the drawing was taken, it could be seen that there was 
a slrong tendency towards a whorled atangement 
of the hairs ou the backs of the wrists. This is 
likewise, as a general rule, a marked feature in the 
arrangement of hair on the same places in the gorilla, 
orang, and chimpanzee. In the specimen of the 
latter, however, from which the drawing was taken, 
this characteristic was not well marked. ‘The down- 


ward direction,of the hair on the backs of the hands 
+h f . 
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is exactly the same in man as it is in all the anthiopoid 
apes. Again, with regard lo hair, Darwin notices thet 
occasionally there appears in mun a few hairs in the 
eyebrows much longer than the others; and that they 
seem to he representative of similarly long and scattered 
hairs which occur: in the chimpanzee, meceens, and 
baboons, 

Lastly, it may he here more conveniently observed 
than in the next chapter on Embryology, that at 
about the sixth month the haman fatus is often 
thickly coated with somewhat long dark hair over 
the entire body, except the soles of the feet and 
palms of the hands, which are likewise bare in all 
quadrumanous animals, This covering, which is called 
the lanugo, and sometimes extends even Lo the whole 
forchead, cars, and face, is shed before birth, So that 
it appears to be useless for any purpose other than 
that of emphatically declaring man a child of the 
monkey, 

(9) Leet—Daiwin writes: - 

Tt appenia as if the postarion molar or wisdom tecth were 
tending to become iudimentuy in the more civilized races of 
man, ‘These oth ate wadher smaller Unin the other molars, as 
is hkewise the case with (he conesponding (eeth in tha chime 
Panzee and orang; and they Inve only tive sepuate fay... 
They me also much more linhle to vary, bout in suaetine and in 
the period of their development, than the ather teeth, In the 
Melanian tacoa, on the other hand, the wisdomelvetl are usually 
ftumshed with Unce sopuate figs, and me usually sound [ie 
ot apecinlly linble to decay]; they also differ fom the other 
molgts in size, less Chan in the Caucasian inces: 7 


Now, in addition to these there are other respects 


in which the dwindling condition of wisdom-teeth is 
manifested—particularly with regard to the paltern of 


ea 
<o 
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thei: crowns. Tndeed, in this respect it would scem 
that even in the anthropoid apes there is the be- 
ginning of a tendency to degenciation of the molar 
teeth fom behind forwards. lor if we compare the 
three molars in the lower jaw of the gouilla, orang, 
and chimpanzee, we find that the gorilla has five well- 
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Vuaap. Mola tecth of lower jaw in Gorilla, Orang, and Man 
Tnawn fam nate, nat, sve (A. Ales, Coll, Stig.) 


marked cusps on all three of them; but that in the 
orang the cusps are not so pronounced, while in the 
chimpanzce there are only four of them on the third 
molar, Now in man it is only the first of these three 
teeth which normally presents five cusps, both the 
others presenting only four, So thal, comparing all 
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these genera together, it appears that the number 
of cusps is being reduced from behind forwards; 
the chimpanzee having lost one of them from the 
third molar, while man has not only fost this, but 
also one from the second molar, and, it may he added, 
likewise partially (or even totally) from the first molar, 
asa frequent variation among civilized races. Gul, on 
the other hand, variations are often met with in the 
opposite direction, where the second or the third 
molar of man presents five cusps ~- in the one ease 
following the chimpanzee, in the other the gorilla. 
These latter variations, therefore, may fairly be re- 
garded xs reversionary, Vor these frets ] am indelated 
to the kindness of Mr. C.S. ‘Tomes. 

(10) Perforations of the himeruse The peculiarities 
which we have to notice under this heading are two in 
number, Tirst, the supra-condyloid foramen is a nor. 
mal feature in some of the lower Quadrumana (Ii. 25), 
where it gives passage to the great nerve of the fore- 
atm, and often also lo the great artery, In man, haw- 
ever, itis not a noimmal feature, Vet it occus in a 
small percentage of cases vis, according to Sir W. 
Turner, in about one per cent, and thorefore is regarded 
hy Darwin as a vestigial character. Secondly, there is 
inter-condyloid foramen, which is alyo situated nea 
the fower end of the humerus, bul more in the middle 
of the bone, ‘his occurs, but not constantly, in apes, 
and also in the human species, rom the fact that it 
docs so much more frequently in the bones of ancient 
and also of some savage—races of mankind (viz, in 20 
to go per cent. of cases), Darwin ia disposed Lo regard 
it also ns a vestigial feature. On the other hand, Pref. 
Tower tells me that in his opinion it is bul an ex- 
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pression of impoverished nutrition during the growth 
of the bone. 
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Veta, ag-~Perforation of the humerus (supra-condyloid foramen) in 
three species of Quadiumana where it normally oceus, and in Man, where 
it does not normally oecur, Drawn from natuie (A, Colf, Surg. ALus.). 


(11) Flattening of tibia—In some very ancient 
human. skeletons, there has also been found a lateral 
flattening of the tibia, which rarely occurs in any ex« 
isting human beings, but which appears lo have been 
usual among the carliest races of mankind hitherta dis- 
covered, According io Broca, the measurements of 
these fossil human tibia resemble those of apes. More- 
over, the bone is bent and strongly convex foiwards, 
while its angles are so rounded as to present the 
nearly oval section scen in apes. It is in association 
with these ape-lile human tible: that pei foraled humeri 
of man are found in greatest abundance. ‘i 
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On the other hand, howevey, there is reason to doubt 
whether this form of tibia in man is really a survival 
from his quadrumanous ancestry, Vor, as Hoyd- 
Dawkins and Ilartmann have pointed out, the degree 
of fattening presented by some of these ancient 
human bones is gveader than that which occurs in any 
existing species of anthropoid ape. Of course the 
possibility remains that the unknown specics of ape 
from which man descended may have had its tilta 
more flailened than is now observable in any of the 
existing species. Nevertheless, as some doubt attaches 
to this particular case, J do not ptess it ~and, indeed, 
only mention it at all in order that the doubt may be 
expressed, 

Similarly, I will conclude by remarking that several 
other iastances of the survival of vestigial structures 
in man have been alleged, whielt are of a still more 
doubtful character, OF such, for example, are the 
supposed absence of the genial tubercle in the case 
of avery ancient jaw-bone of nan, and the disposition 
of valves in human veins. From the former it was 
argued that the possessor of this very ancient jaw-bone 
was probably specchlesy, inasmuch as the tuberele in 
existing man gives attachment to muscles of the 
tongue, Vrom the Jailer it haa been argued that all 
the valves In the veins of the human body have 
reference, in their disposition, ta the incidence of blond- 
pressure when the attitude of the body is horizontal, 
or quadrupedal, Now, the former case has already 
broken down, and T find that the latter docs not hold, 
But we can well afford to lose such doubtful and 
spurious cases, in view of all the foregoing unquestion- 
able and genuine cases of vestigial structures which are 
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to be met with even within the limils of our own 
organization—and even when these limits are. still 
further limited by selecting only those instances which 
refer to the very latest chapler of our long ancestral 
history. 


CHAPTER IV, 
TEMBRYOLOGY, 


Wer will next consider what of late years has 
become the most important of the lines of evidence, 
not only in favour of the general fact of evolution, 
but also of its history: I mean the evidence which has 
been yielded by the newest of the sciences, the science 
of Embryology. But here, as in the analogous case 
of adult morphology, in order to do justice to the 
mass of evidence which has now been accumulated, a 
whole volume would be necessary. As in that 
previous case, therefore, I must restrict myself to 
giving an outline sketch of the main facts, 

First I will display what in the language of Paley 
we may call “the state of the argument.” 

It is an observable fact that there is often a cloge 
correspondence between develapmental changes as 
revealed by any chronological series of fossila which 
may happen to have heen preserved, and develop. 
mental changes which may he observed during’ the 
life-history of now existing individuals belonging to 
the same group of animals, For instance, the 
successive development of prongs in the horna of 
deer-like animals, which is so clearly shown in the 
geological history of this tribe, iy closely reproduced 
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in the life-history of existing deer. Or, in other 
words, the antlers of an existing decr furnish in their 
development a kind of réseme, or recapitulation, of the 
successive phases whereby the primitive horn was grad- 
ually superseded hy horns presenting a greater and 
greater numberof prongs in successive species of extinct 
deer (Fig. 26). Now il must be obvious that such a re- 
capitulation in the life-history of an existing animal of 
developmental changessuccessively distinctive of sundry 
allied, though now extinct specics, speaks strongly in 
favour of evolution. Tor as it is of the essence of this 
theory that new forms arise from older forms by way 
of hereditary descent, we should antecedently expect, 
if the theory is truc, that the phases of devclopment 
presented by the individual organism would follow, in 
thei main outlines, those phascs of development 
through which their long line of ancestors had passed, 
The only alternative view is that as species of deer, 
for instance, were separately created, additional prongs 
were successively added to their antlers; and yet 
that, in order to be so added to successive species, 
every individual deer belonging to later species was 
required to repeat in hig own lifetime the process of 
successive additions which had previously taken 
place in a remote series of extinct specics. Now I 
do not deny that this view is a possible view; but I 
do deny that. it is a probable one. According to 
the evolutionary interpretation of such facts, we can 
sec a very good rrason why the life-history of the 
individual is thus a condensed résumé of the life- 
history of its ancestral species. But according to the 
opposite view no reason can be assigned why such 
should be the case. In a previous chapter—the 
er) 
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chapter on Classification—we have scen that if cach 
species were created separately, no reason can be 
assigned why they should all have been turned out 
upon structural patterns so strongly suggestive of 
hereditary descent with gradual modifications, or slow 
divergence-—the result being group subordinated to 
group, wilh the most generalized (or least developed) 
forms at the bottom, and the highest products of 
organization at the top. And now we sec—or shall 
immediately see—that this consideration admits of 
being greatly fortified by a study of the develop- 
mental history of every individual organism. If it 
would be an unaccountable fact that every separately 
created species should have been created with close 
structural resemblances to a certain limited number 
of other species, less close resemblances to certain 
further species, and so backwards ; assuredly it would 
be a still more unaccountable fact that every indi- 
vidual of every specics should exhibit in its own 
person a history of developmental change, every term 
of which corresponds with the structural peculiarities 
of its now extinct predeccssors—and this in the exact 
historical order of their succession in geological time. 
The more that we think about this antithesis between 
the naturalistic and the non-naturalistie interpreta- 
tions, the greater must we fecl the contrast in respect 
of rationality to become; and, therefore, T need not 
spend time by saying anything further upon the 
antecedent standing of the two theories in this 
tespect. The evidence, then, which I am about to 
adduce from the study of development in the life. 
Kistories of individual organisms, will be regarded by 
me as so much unquestionable evidence in favour of 
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aimilar processes of development in the life-historics 
of their respective specics—in so far, I mean, as the 
two sels of changes admit of being proved parallel. 

In the only illustration hitherto adduced-—-viz, that 
of deers’ horns—-ihe secs of changes from a one+ 
pronged horn toa fully developed arhorescent antler, 
is a series which tales place during the adult life of 
the animal; for it is only when the breeding: age 
has been attained that horns are required to appear, 
But seciny that every animal passea through most of 
the phases of its development, not only before the 
breeding age has been attained, but even before the 
lime of ils own birth, clearly the largest field for 
the study of individual development is furnished by 
embryology. lor instance, there ig a salamander 
which differs from most other salamanders In being 
exclusively terrestrial in its habils. Now, the young 
of this salamander before their birth are found to 
be furnished with gills, which, however, they are never 
destined to use. Yet these gills are so perfectly 
formed, that if the young salunanders be removed 
from the body of their mother shortly before birth, 
and be then immediately placed in water, the 
little animals show themselves quite etpable of 
aquatic respiration, aud will merrily swim about in 
a medium which would quickly drown thelr own 
parent. ITere, then, we have both morphological and 
physiological evidence pointing to the possession of 
gills by the ancestor of the land-salamander, 

Zt would be easy to devate the whole of the present 
chapter 16 an enumeration of special instances of the 
kinds thus chosen for purposes of illustration ; but 
as it is desirable to take a deeper, and therefore 
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a more general view of the whole subject, I will begin 
at the foundation, and gradually work up from the 
earlicst stages of development to the latest. Before 
starting, however, I ask the reader to bear in mind 
one consideration, which must reasonably prevent 
our anticipating that in ceery case the life-history of 
an individual organism should present a /wZ recapitu- 
lation of the life-history of its ancestral line of species, 
Supposing the theory of evolution to be true, it must 
follow that in many cases il would have been more or 
less disadvantageous to a developing type that it 
should have been obliged to reproduce in its individual 
representatives all the phases of development pre- 
viously undergone by its ancestry—cven within the 
limits of the same family. We can easily understand, 
for cxample, that the waste of material required for 
building up the useless gills of the embryonic sala- 
manders is a waste which, sooner or later, is likely to 
be done away with ; so that the fact of ils occurring 
at all is in itself enough to show that the change from 
aquatic to terrestrial habits on the part of this species 
must have been one of comparatively recent occurrence. 
Now, in as far as it is detrimental to a developing 
type that it should pass through any particular ances- 
tral phases of development, we may be sure that natural 
sclection—or whatever other adjustive causes we may 
suppose to have been at work in the adaptation of 
organisms to thelr surroundings—will constantly seek 
to get vid of this necessity, with the result, when 
successful, of dropping out the detrimental phages. 
Thus the foreshortening of developmental history 
which takes place In the individual lifetime may be 
expected often to take place, not only in the way of 
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condensation, but also in the way of excision, Many: 
pages of ancestral history may be recapitufated in 
the paragraphs of embryonic development, while 
others may not be so much as mentioned. And that 
this is the une explanation of what embryolopists 
term “direct” development—or of a more or less 
sudden leap from one phase to another, without any 
appearance of intermediate ‘phases is proved by the 
fact (hat iv some cases bothdirect and indirect develop. 
ment occur within the same group of organisms, some 
genera or families having dropped out the intermediate 
phases which other genera or families retain. 


The argument from embryology must be Guken to 
begin with the first beginning of individual life in the 
ovum. And, in order to understand the bearings of 
the argument in this its first stiyge, we must consider 
the phenomena of reproduction in the simplest form 
which these phenomena are known to present, 

The whole of the animal kingdom is divided into 

» hwo great groups, which are called the Totezea and 
the Metazor. Similarly, the whole of the veyelable 
kingdom is divided inte the Protophyta and the Meta- 
phyta, The characteristic feature of all the Trotazoa 
and Prolephyta is that the erganiam consiata of a 
single physiological cell, while the characteristic of all 
the Metazoa and Metaphyta is thal the organism 
consists of a plurality of phystological cella, variously 
modified to subserve different functions in the 
economy of the animal er plant, as the ecaxe may be. 
For the sake of brevity, [ shall hereafier deal only 
with the case of anioals (Protozoa and Metazoa); but 
it may throughout be understood that everything 
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. 
which is said applics also to the case of plants 
(Protophyta and Metaphyta). 

A. Protozoin (like a Prolophyton) is a solitary cell, 
or a “unicellular organism,” while a Metazoon (like a 
Metaphyton) is a society of cells, or a “ multicellular 
organism.” Now, it is only in the multicellular 
organisms that there is any observable distinction of 
sex. In all the unicellular organisms the phenomena 
of reproduction appear to be more or less identical 
with those of growth, Nevertheless, as these phe- 
nomena are here in some cases suggestively peculiar, 
I will consider them more in detail. 

A. Protozoon is a single corpuscle of protoplasm, 
which in different species of Protozoa varices in size 
from more than one inch to less than yyy of an inch 
in diameter. In some specics there is an enveloping 
cortical substances in other species no such substance 
can be detected. Again, in most species there is a 
nucleus, while in other species no such differentiation 
of structure has hitherto been observed. Nevertheless, 
from the fact that the nucleus occurs in the majority 
of Protozoa, coupled with the fact that the demon- 
stration of this body is often a matter of extreme 
difficulty, not only in some of the Protozoa where it 
has been but recently detected, but also in the case of 
certain physiological cells elsewhere,—from these facts 
it is not unreasonable Lo suppose that all the Protozoa 
pdssess a nucleus, whether or not it admits of being 
rendered visiblo by histological methods thus far at 
our disposal. If this is the case, we should be justi- 
fied in saying, as I have said, that a Protozoén is an 
isolated physiological cell, and, like cells in general, 
mulliplics by means of what Spencer and Hickel 
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have aptly called a process of discontinuous growth. 
That is to say, when a cell reaches maturity, further 
growth takes place in the direction of a severance of 
its substance—the separated portion thua starting 
anew asa distinct physiological unit. But, notwith« 
standing the complex changes which have heen more 
recently observed to take place in the nucleus of some 
Protozoa prior to their division, the process of 
multiplication by division may still be regarded as a 
process of growth, which differs from the previous 
growth of the individual cell in being attended by a 
severance of continuity, If we take a suspended drop 
of gum, and gradually add to its size by allowing 
more and more gum to flow into it, a point will 
eventually be reached at which the force of gravity 
will overcome that of cohesion, and a portion of the 
drop will fall away from the remainder, Tlere we 
have a rough physical simile, although of course no 
iruc analogy, In virtue of a continuous assimilation 
of nutriment, the protoplasm of a cell increases in 
masa, until it reaches the size al which the forces of 
disruption overcome Lhose of cohesion-or, in other 
words, the point at which increase of size is no longer 
compatible with continuity of substance. Neverthe- 
less, it must nol he supposed that (he process is thus 
mertly a physical one. ~The phenomena which occur 
even in the aimplest~ or so-called “direct "—cell« 
division, are of themselves enough to prove that the 
process is vital, or physiological ; and this In a high 
degree of specialization. But so, likewise, are all 
processes of growth in organic atructures; and there 
fore the simile of the drop of gum is not to be 
regarded as a truce analogy: it serves only to 


Embryology. 107 


‘ 


indicate the fact that when cell-growth procéeds 
beyond a certain point cell-division chsucs. The 
size to which cells may grow before they thus divide 
is very variable in different kinds of cells; for while 
some may normally attain a length of ten or twelve 
inches, others divide before they measure yyy of an 
inch, This, however, is a matter of detail, and does 
not affect the general physiological principles on 
which we are al present engaged. 





Fic, a7.—Fission of a Protozodn. Jn the left-hand drawing the process 
is repistented ns having advanced sufficiently far lo have cansed a 
Avision aud segregation both of the nugleus and the vesicle, In the 
tight-hand drawing the process is represented ns complete, #, N, 
sovered nuclans; ve, severed vesicle; 2s, pseudopodin 57; ingested food. 

Now, as we have seen, a Protozodn is a single cell ; 
for even although in some of the higher forms of 
protozoal life a colony of cells may be bound together 
in organic connexion, cach of these cells is in itself an 

* individual,” capable of sclf-nourishment, reproduction, 

and, generally, of independent existence. Conse- 

quently, when the growth of a Protozodn ends in a 

division of its substance, the two parts wander away 

from each other as separate organisms, (Fig. 27.) 
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The next point we have to observe is, that in all 
cases where a cell or a Protezoiin multiplies by 
way of fisaiparous division, the process begins in the 
nucleus, If the nucleus divides inte two parts, the 
whole cell will eventually divide into lwo parts, eneh 
of which retains a portion of the original nucleus, as 
represented in the above figure. Th the nuclets divides 
into three, four, or even, as happens in the develop. 
ment of some embryonic tissues, into as many as six 
parts, the cell will subdivide inte a corresponding 
number, cach retaining a portion of the nucleus, 
Therefore, in all cases of fissiparons division, the 
seat or origin of the process is Ue nucleus, 

Thus far, then, the phenomena of multiplication are 
identical in all the lowest or unicellular organisms, 
and in the constituent cells of all the higher or multi- 
cellular, And this is the first point which I desire to 
make apparent. For where the object is to prove a 
continuity between the phenomena of growth and 
reproduction, it is of primary importance to show— 
iat, that there is such a continuity in the case of all 
the unicellular organising, and, and, that there are all 
the above points of resemblance between the multi« 
plication of cells in the unicellular ancl in the multi- 
cellular organisms, 

Tt remains to consider the points of difference, and, 
if possible, to show that these do not yo to disprave 
the doctrine of continuity which the paints af resem- 
blance so forcibly indicate. 

The first point of difference obviously is, that fn the 
case of all the multicellular organisms the two or 
more “ daughter-cells," which ure produced by diviston 
of the “mother-cell,” do not wander away from one 
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another; but, asa rule, they continue to be held in more 
or jess close apposition by means of other cells and 
binding membranes,—with the result of giving rise to 
those various “ tissues,” which in turn go to constitute 
the material of “organs.” I cannot suppose, however, 
that any advocate of discontinuity will care to take 
his stand at this point. But, if any one were so 
foolish as to do so, it would be casy to dislodge him 
by describing the slate of matters in some of the 
Protozoa where a number of unicellular “ individuals” 
are arganically united so as to form a “colony.” 
These cases serve to bridge this distinction between 
Protozoa and Metazoa, of which therefore we may 
now take leave, 

In the second place, there is the no less obvious 
distinction that the result of cell-division in the 
Metazoa is not merely to multiply cells all of the 
same kind: on the contrary, the process here gives 
tise to as many different kinds of cells as there are 
different kinds of tissue composing the adult organism, 
But no one, I should think, is likely to oppose the 
doctrine of continuity on the ground of this distine- 
ton. For the distinction is clearly one which must 
necessarily arise, if the doctrine of continuity betweon 
unicellular and multicellular organisms be true. In 
other words, it is a distinction which the theory of 
evolution itsclf must necessarily pre-suppose, and 
therefore it is no objection to the theory that its 
pre-supposition is realized. Moreover, as we shall 
sce better presently, there is no difficulty in under- 
standing why this distinction should have arisen, so 
soon as it became necessary (or desirable) that indi- 

~ vidual cells, when composing a “colony,” should 
* 
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conform to the econamie principle of the division of 
labour—a_ principle, indeed, which ia already fore- 
shadowed in the constituent parls of a single cell, 
since the nuclens has one sel of functions and its 
surrounding protoplasm another, 

But now, in the third placa, we arrive at a more 
important distinction, and one which lies at Ue root 
of the others still remaining to be considered. 1 refer 
to sexual propagation, Tor it is a peculiarity of the 
multicellular organisms that, although many of them 
may likewise propagate themselves by other means 
(Tig. 28), they all propagate themselves hy means 
of sexual congress. Now, in its essence, sexual con- 
gress consists in the fusion of two specialized cells 
(or, as now seems almost certain, of the nuclei thercaf), 
so (hat itis out of such a combination that the new 
individual arises by means of successive cell-divisions, 
which, beginning in the fertilized ovum, eventually 
build up all the Lissues and organs of the bady. 

This process clearly indicates very high speeinliza- 
lion on the part of germ-cella.  I’or we see by it that 
although these cella when young resemble all other 
cells in being capable of self-multiplication by binary 
division (thus reproducing cells exactly like them- 
selves), when older they Jose this power; but, at 
the game time, they Acquire an entirely new and very 
remarkable power of giving rise lo a vast aucecsston 
of many different kinds of cells, all of which are 
mutually correlated as lo their several functions, so 
as to constitule a hierarchy of cells—~or, Lo speak 
literally, a multicellular co-organisation Were tt is 
that we Louch the really important distinetion between 
the Protozoa and the Metazoa; for although I have 
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said that some of the higher Protozoa foreshadow this 
stale of matters in forming cell-colonies, it must now 
be noted that the cells composing such colonics are 
all of thesame kind ; and, therefore, that the principle 
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Tie. 28—2pdra viridis, patty in section, M, month; O, ovary, or 
hud containing female reproductive cells; ‘T, testis, or bud containing 
male reproductive cells. In addition to these budy containing ger 
minal ecloments alone, there is another which illustrates the process of 
“ gommation i, « the direct out-growth of a fully formed offspring. 


of producing different kinds of cells which, by mutual 
co-adaptation of functions, shall be capable of con~ 
structing a multicellular Metazotn,—this great prineiple 
of co-organisation is but dimly nascent in the cell- 
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colonics of Protozoa, And its marvellous development 
in the Metazoa appears ullimately Lo depend upon the 
highly specialized character of germecelly Evens in 
cases where multicellukur organisms are capable of ras 
producing their kind without the need of any preceding 
process of fertilization (pauthenogencsis), and even in 
the still more numerous cases where complete are 
ganisms are budded forth from any part of Uheir parent 
organism (gemmation, lig. 28), there is now very good 
reason to conclude that these powers of asexual 
reproduction on the part of multicellular organisms 
are all ullimately due to the specialized character of 
their germ-cells, Tor in all these cases the Ussucs of” 
the parent, from which the budding takes place, were 
ultimately derived from germ-celly- no matter how 
many generations of budded organisms may have 
intervened, And that propayation by hudding, &e, 
in multicellular organisms is thus ultimately due to 
their propagation by sexual methods, seems to be 
further shown by certain facts which will have to be 
discussed at some length in my next volume. Jere, 
therefore, T will mention ouly one of them -and Chis 
because it furnishes what appeals to be anather 
important distinction between the Protozoa and the 
Metazoa. 

{n nearly all cages where a Protezoun multiplies 
ilself by fission, the process begins by a simple 
division of the nucle, Tut when a Metazadn is dee 
veloped from agerm-cell, although the process likewise 
begins by a division of the nucleus, this division ia not 
asimple or dircet one ; on Lhe contrary, il is inanyurated 
by a series of processes going on within the nucleus, 
which are so enormously complex, and withal so 


é 
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beautifully “ordered, that to my mind they constitute 
the most wonderful—if not also the most suggestive 
—which have ever been revealed by microscopical re~ 
search. It is needless to say that I refer to the 
phenomena of karyokinesis, A few pages further on 
they will be described more fully. Tor our present 
purposes it is sufficient to give mercly a pictorial 


@ 
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an 

ew 
> 





Fra, 29.—-Successive atages m the division of the ovum, or egg-cell, of 
aworn, (After Stinsburger ) @ to d show the changes taking place in 
the niteleus and autrounding cell-contents, which reault in the first 
segmentation of the ovum at e: fand & show a repetition of these 
changes in each of the two reanlting cells, leading to the second seg- 
mentation stage at 4. 


illustration of their successive phases ; for a glance at 
such a representation seryes to reveal the only point to 
which attention has now to be drawn—namely, the 
immense complexity of the processes in question, and 
therefore the contrast which they furnish to the simple 
(or “direct”) division of the nucleus preparatory to 
cell-division in the unicellular oiganisms. Tere, then 
* I 
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(Sig. 29), we sce the complex processes of karyokines{s 
in the first two stages of epg-cell division, But 
similar processes continue to repeat themselves in 
subsequent stages; and this, there is now good reason 
to belicve, throughout @// the stages of cell-division, 
whereby the original egg-call eventually constructs an 
entire organism. In other words, all the cells com 
posing all the tissues of a multicellular organiany, at 
all stages of its development, are probably originated 
by these complex processes, which differ so much 
from the simple process of direct division in the 
unicellular organisms’, In this important respect, 
therefore, it does at: first sight appear that we have a 
distinction between the Protozoa and the Metazon of 
go pronounced a character, as fairly to raise the 
question whether cell-division is fundamentally {dentical 
in unicellular and in multicellular organisms. 

Lastly, the only other distinction of a physiologically 
significant kind between a single cell when it occurs 
‘as a Protozotn and when it does so as the unfertilized 
ovum of a Metazoin is, thal in the latter case the 
nucleus discharges from its own substance two minute 
protoplasmic masses ("polar bodies”), which are then 
eliminated from the cell altogether. Chis process, 
which will be more fully deseribed later on, appears 
to be of invariable occurrence in the caseof all egyrcella, 

TT any “probably,” because aualogy polnta ti this dheaion. Asa 
matter of fet, In inany canes of thinedormation haryokinesis hag not 
Hitherto been detected. “But even If in awh eanen it doek not wear + 
Le, if failure to deteut its occurrence be not die merely te sul] remain. 
ing imperfecttons of owe histolugical methary, - che Inrye amber of 
enves In which ff tas buen seen to ocr in Me ferinatio of sundry 
tisauer are of themselves snfliclent Lo Indleate some Important diference 


between celle derived from ova (melagenl), and cella whieh have not 
beon go delved (protozonl), Which is the polnt new under dlsouaston. 
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while nothing resembling it has ever been observed in 
any of the Protozoa. 

We must now consider these several poinis of 
difference sertatint. 

First, with regard to sexual propagation, we have 
already seen that this is by no means the only method 
of propagation among the multicellular organisms ; 
and it now remains to add that, on the other hand, 
there is, to say the least, a suggestive foreshadowing 
of sexual propagation among the unicellular organisms. 
For although simple binary fission is here the more 
usual mode of multiplication, very frequently two 
(rarely three or more) Protozoa of the same species 
come together, fuse into a single mass, and thus 
become very literally “one flesh.” This process of 
“conjugation” is usually (though by no means invari- 
ably) followed by a period of quiescent “encystation”; 
after which the contents of the cyst escape in the form 
of a number of minute particles, or “spores,” and these 
severally develope into the parent type, Obviously’ 
this process of conjugation, when it is thus a pre- 
liminary to multiplication, appears to be in its essence 
the same as fertilization, And if it be objected that 

, encystation and spore-formation in the Protozoa are 
not always preceded by conjugation, the answer would 
be that neither is oviparous propagation in the Metazoa 
invariably preceded by fertilization. 

Nevertheless, that there are great distinctions 
between true sexual propagation and this fore- 
shadowing of it in conjugation I do not deny. The 
question, however, is whether they be so great as to 
justify any argument against an hislarical continuity 
between them, What, then, are these remaining 

12 


Sad 


116 Parvin, and after Darwin, 


distinclions? Briefly, as we have sven, they are the 
extrusion from egyecells of polar bodies, and the 
occurrence, both in epeecells and their products 
(tissue-cella), of the process of karyokinesis, But, as 
regards the polar bodies, {t is surely not difficult to 
suppose that, whatever thefr significanes may be, it ts 
probably in some way or another connected with the 
high specialization of the functlons which an epe-cell 
has to discharge, Novis there any difficulty in further 
supposing that, whatever purpose is served by petling: 
sid of polar bodies, the process whereby they are prot rid 
of was originally one of utilitarian development-—~i. ¢, 
a process which at its cammencement cid nat betoken 
any difference of kind, or breach of continuity, between 
egg~cells and cells of simpler constitution. 

Lastly, with respect to karyokinesla, although i¢ 
is true that the microscope has in compiratively 
recent years displiyed this apparently important 
distinction between unicellular and multicellular oy. 
ganisms, two considerations have here lo be supplied. 
The first is, that in some of the Protozoa processes 
very much resembling those of karyokinesis hive 
already been observed aking place in the nucleus 
preparatory to its division. And although such pra- 
cesses do nol present quite the same atppenrances: as 
are Lo be met with in egg-cells, neither de the laryoe 
kinclie processes in tissue-cells, which in Uheir sundry 
kinds exhibit great variations in this respeet, Mores 
over, even if such were not the case, the bare fret 
that nuclear division is not invariably of the simple 
or direct character in the case of all Protozoa, is 
sufficient to show that the distinction now befure 
us-~like the one last dealt with—is by no means 

oJ 
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absolute, As in the case of sexual propagation, so 
in that of karyokinesis, processes which are common 
to all the Metazoa are not wholly without their fore~ 
shadowings in the Protozoa. And seeing how greatly 
exalted is the office of cpg-cells-- and even of Ussue- 
cells—as compared with that of their supposed ancestry 
in protozoal cells, it seems to me scarcely to he 
wondered at if their specializations of function should 
be associated with corresponding peculiarities of 
structure-—a grencral fact which would in no way 
militate against the doctrine of evolution, Could 
we know the whole truth, we should probably find 
that in order to endow the most primitive of egg-cells 
with ils powers of marshalling ils products into a 
living army of cell-batlalions, such an egg-cell must 
have been passed through a course of developmental 
specialization of so claborate a kind, thal even the 
complox processes of karyokinesis are but a very 
inadequate expression thereof, 

Probably I have now said enough to show that, 
remarkable and altogether exceptional as the pro~ 
pertics of gern-cells of the multicellular organisms 
unquestionably show themselves to be, yet when these 
properties are traced back to thelr simplest beginnings 
in the unicellular organisms, they may fairly be re« 
garded as fundamentally identical with the propertics 
of living cells in general. Thus viewed, no line of real 
demarcation can be drawn between growth and repro~ 
duction, even of the sexual kind. The one process is, 
so Lo speak, physiologically continuous with the other ; 
and hence, so far as the pre-embryonic stage of life- 
history is concerned, the facts cannot fairly be regarded 
as out of keeping with the theory of evolution. 


> 
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T will now pass on to consider the embryoyeny of 
the Melazoa, beginning at its earliest stage in the 
fertilization of the ovum, And here it is that the 
constructive argument in favour of evolution which 

, pls derived from embryology may he said: properly to 

Ycommence, or it is surely in itself a most sugyestive 
fact that all the Mctazoa begin their life in the same 
way, or under the same form and conditions, Ome 
vivune ex ove. ‘Vhis isa formula which has now been 
found to apply throughout the whole range of the 
multicellular organisms, And seeing, a8 we have just 
seen, that the ovum is everywhere a single cell, the 
formula amounts to saying that, physiologically 
speaking, every Metazobn beyins ils life as a Tro. 
tozodn, and every Metaphyton asa Protophyton 4 

Now, if the theory of evolution is true, what should 
we expect to happen when these germecella are fer- 
tilized, and so enter upon thelr severally distinct 
processes of development?  Assuredly we should 
expect to find that the higher organisms pass through 
‘he same phases of development as the lower or 
sanisns, up to the time when their higher characters 
oegin to become apparent, If in the life-history of 
species these higher characters were gained by gradual 
Improvement upon lower characters, and if dhe de 
velopment of the higher individual is new a poneral 
recapitulation of that of its ancestral species, in studying 
this recapitulation we should expect to find the higher 
organism successively unfolding its higher characters 
from the lower ones through which ils ancestral spectea 
had previously passed, And this is just what we do 
«  } Tiven when propagated by budding, © multicellular organism. his 
been ultimately derived from a germ-cell, 
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find. Take, for example, the case of the highest 
organism, Man. Like that of all other organisms, 
unicellular or multicellular, his devclopment starts 
from the nucleus of a single cell, »#Again, like that 
of all the Mctazoa and Metaphytd, his development: 
starls from the specially elaborated nucleus of an‘ 
egg-cell, or a nucleus which has been formed by 
the fusion of a male with a female clement When 
his animality becomes established, he exhibits thg 
fundamental anatomical qualities which charactetizé 
such lowly animals as polyps and jelly-fish. And 
even when he is marked off as a Vertebrate, it cannot 
be sald whether he is to be a fish, a reptile, a bird, 
ora beast. Later on it becomes evident that he is, 
to be a Mammal ; but not till later still can it be said 
to which order of mammals he belongs. 

Hore, however, we must guard against an ertbr which 
is frequently met with in popular expositions of this 
subject, It is not truc that the embryonic phasct 
in the development of a higher form always tesomble 
so many adult stages of lower forms. This may or- 
may not be the case; but what always is the case 


+ Tels already been sinted that both parthonogoncsls and gommation 
aro wltinnately derived from sexual reproduction. It may now be added, 
on the other hand, that (he enlter stages of parthenogenesis have been 
observed to ocom sporadically in all aub-kingdoms of tho Metazon, 
including the Veitebrata, and oven the highest class, Maminalla, ‘These 
earlier atages consist in sportancons segmentations of the ovum; so 
that even if a virgtn has ever concelved and borne a son, and even if 
auch o fact In the human apecles has been unique, still it would not be- 
token any breach of physiological continuity, Indeed, according to 
Weismann’s not improbable hypothesls touching the physlological 
meaning of polar hodiea, such © fact need beloken nothing more than 
a slight disturbance of the complex machinery of ovulation, on account 
of which the ovum failed to climinate from its substance an almost 
inconcelvably iniuule portion of its nucleus, é ‘ 
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vais, that the embryonig phases of the higher font, 
resemble the corresponding: phases of the lofver forms, 
“Thua, for example, it would be wrong to suppose 

that.at any stage of his development a man resembles. 

a jelly-fish, What he docs resemble ac an carly 
stage of his, development is the esaentiqh on Hrounds 
e plan of the Selly-fish, which that animal presenta in 
is embryonic condition, or before it begins to assure 

* its more specialized characters fitting it for its own - 
¢_ patticular, sphere of life. The similarities, therefore, 

‘ wBich it is the function of comparative embryoldgy’ + 
sto reveal are the similarities of type or morphological’ - 
“Splan: not similarities of specific detail. Specific details 
may havebcen added to this, that, and the other species, 
for their own special requirements, after they liad acve-, 

of hially: branched off from the common ancestral stem; - 
¢ “and so could not be expected to recur in thelife-histary , 
_ pp independent. specific branche The comparison 
therefore must be a comparison of embryo. with 

; embryos not of embryos with adult forma? | 


4 


a 

, Tn order to give a general idea of the results. thuat - 
*far yielded by a study of comparative embryology In. 
“the present connexion, I will devote the reat af this,” 
schapter to flving an outline sketch of the most ime 
“portant and beat established of these results. 
Histologically the ovum, or egg-cell, da newly 
videntical in all animals, whether vertebrate og: int 

vertebrate, Considered ag a-cell it ds of large size, :.. 
‘but actually it is not more than 439, and $e lesa 
ethan g$y of an Inch i in: diameter. In man, aa ig most 
mammals, it is about p}q. It tsa more or Jess aphericat 
body, presenting a in pepe: envelope, called. 
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_ the sona pellucida, which contnlas—sftrat, the proto 

plasmic éell-substance’ or “yolk,* within which lies,” 

- “second, the nucleus or germinal vesicle, within which: 

again lies, third, the nucleolus or germinal spot, This 

«| destription ds-truc of the egg-cells of all animals, 

ifwe add.that in the case of the lowest animals-—-such 
as spongos) &e—thiere is no. enveloping” membrane: 
o the egg-ctll is here a naked cell, and its constitught!: 

protoplasm, being thus unconfined, is free to perforlh. 
protoplasmic movements, which it docs after fhew, 

as) 





3 A sctmadin ovuin of a Mammal, (a) magnified and viewed wndord, ; 
‘® pptpaguire; (2) burst by inerensed pressive, with yolle and nw aun) 
; pscnplng (e). the nncleus more freed from yolléaubitance, (From 

mg, ditadamy, wlter Alon Thomson.) ‘ 






>; » 


nauner, and with’ all the activity, of an xn Rebbe. a4 
But. eveit with respect to this matter of an enveloping” 
menibrang, there is no essential. cifferenae between - 
an oyum, of the lowest and an ovum of the highest ¥ 
animals, ‘For in their early stages,of development .. 
within; the ovary the ova of: the highest animals: * 
are iis in the condition of naked. cells, exhibiting 
ameeblform movements; the enveloping membrane - 
of an ovum being the product of a later development. 
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Moreover this membrane, when present, is usually 
provided with one or more minute apertures, through 
which the spermatozoiin passes when fertilizing the 
ovum, It is remarkable that the spermatozoa know, 
so to speak, of the existence of these gate-ways,— 
their snake-like movements being directed “towards 





Eto, ga-—L nan ovum, mate and greatly magnified, (After Hhekel.) 


them, presumably by a stimulus dtie to some emana- 

tion therefrom’, In the mammalian ovum, however, 

these apertures are exdecdingly minute, and distributed 
. 


‘Tho spermatozoolds of certain plants can be stiongly attracted 
towards a pipette which fs filled with malic ncid—crowding around and” 
into it with avidity, . 


toe 
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all round the circumference of the pellueid envelope, 
as represented in thia Hlustration (Jig. 32), 

Tn thus saying that the eva of all animals are, so 
far as microscopes can reveal, sedstantially similar, f 
jim of course speaking of the egy-cell: praper, and 
not of what is popularly known as the egp. The egy 
of a pird, for example, is the egpe-cell, Ads an cnore 
mous aggregation of nuuiitive material, an ege-shell, 
and sundry other structures suited to the subsequent 
“develapnient of the eyg-cell when separated from the 
. parent’s body, But all these accessories are, from 
"our present point of view, accidental or adventitious, 
What we have now to understand by the ovum, the 
egg, or the cgy-cell, is the microscopical germ which I 
have just described. So far then as this germ is 
concerned, we find that all multicellular orginisins 
begin their existence in the same kind of structure, 

+ and that this structure is anatomically indistinguishable 
from that of the permanent form presented by the 
lowest, or unicellular organisms, Fut although anato. 
mically indistinguishable, physiologically they present 
the sundry peculiaritios already mentioned, 

Now I have endeavoured to show that none of 
these peculiarities are such as to exclude-—~oar even ao 
much a8 to jnvalidatemthe supposition of develop» 
mental continuily between the lowest oyg-cella and 
the highest protozon) cella, It remaing to show in this 
place, and on the other hand, that there ia no breach 
of continuity between the lawest and the highest gg 
cells; but, on the contrary, that the remarkable 
uniformity of the complex processes whereby their 

peculiar characters are exhibited to the histologist, is 
ah as of itself” to guatain the doctrine of continuity 
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in a singularly forcible manner, On this account, 
therefore, and also because the facts will again have 
to be considered In another connexion when we come 
to deal with Weismann’s theory of heredity, I will 
here briefly describe the processes in question. 

We have already scen that the young egg-cell mul- 
tiplics itself by simple binary division, after the 
manner of unicellular organisms in general—thereby 





Jia. 34.--Stages In the formation of the polar borlics in the ovum of a 
alarefish, (After [Iertwig.) gw. germinal vesicle transformed into a 
spindle-shapotl ayatem of fibres; A. Uhe first polar body becoming ex- 
truded; J, px both polar bodies fully extinded; /f., female pro 
nucleus, or residue of tha germinal vesicle, 


indicating, as also by its amcebiform movements, its 
fundamental identity with such organisms in kind. 
But, as we have likewise seen, when the ovum ceases 
to resemble these organisms, by taking on its higher 
degree of functional capacity, it is no longer able to 
multiply itself in this manner. On the contrary, its 
cell-divisions are now of an cndog®nous character, 
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and result in the forthation of many different kinds of 
cells, in the order required for constructing the multi+ 
cellular organism to which the whole series of processes 
eventually give rise. We have now to consider these 
processes seriatinn 
Hirst of all the nucleus discharges ils pole bodies, 
as previonsly mentioned, and in the manner here 
depicted on the previous page, (lip. 93+) Te will be 
* observed that the nucleus of the ovam, or the germinals, 
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ape : 
Ia. gape Fertilization of the ovat of an colluadernt. Cerant nats 
Anatomy, after Selenka.) $, xpermatozodng aepra male pronucleusy 
Sift, female pronucletia. 1 tq correspond to 2 to Ge he the next 
figure. 
vesicle as it ig called, vets rid first of one and after 
" wards of the other polar body by an “indirect,” ar 
karyokinetic, process of division. (Tig, 43.) xtrugion 
of these bodics from the ovum (ar itimay be only from 
the nucleua) having been accamplished, what remains 
of thenucleus retires from the cireumferenceof the ovum, 
and, is called the female pronucleus, (lig. 33. jp) 
The ovum is now ready for fertilization, A similar 
enflasion of nuclear substance is said by some good 
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observers to take place also’ from the male germ-cell, 
or spermatozdon, at or about the close of #¢s develop- 
ment. The theorics to which these facts have given 
rise will be considered in future chapters on Ieredity. 

Turning now to the mechanism of fertilization, the 
diagrams: (T'igs. 34, 35) represent what happens in 
the case of starfish, ; 

The sperm-cell, or spermatozodn, is seen in the act 
of penetrating the ovum. In the first figure it has 
already pierced the mucilaginous coat of the ovum, 





ils 


Wo. gfe-Kertilizalion of the ovum of a starfish, (rom the Zn, 
Brit, Mor Kol.) A, spermatozon in the muciinginons cont of the 
ovum ; 0 prominence is rlsing from the surface of the ovum towards 
Q apormatozotn; 2, they have almost met; C, they have met; D, 
the spermatozotn enters the ovum through a distinct opening; 11, 
the ontlre ovum, showing exiruded polar bodies on its upper surface, 
and the moving together of the male and female promuicleis I, I, G, 
meating nnd corlescenco of the pronuglei, 


the limit of which is represented by a line through 
which the tail of the spermatozoén is passing: the 
head of the spermatozodn is just entering the ovum 
proper, It may be noted that, in the case of many 
animals, the general protoplasm of the ovum becomes 
aware, so to spealk, of the approach of a spermatozoén, 
and sends up a process to meet it. (Fig, 35, A, B, C.) 
Sevgfal—or even many—spermatozoa may this gpter 
the coat of the ovum ; but normally only one proceeds 
further, or right into the substance of the ovum, for ihe 
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purpose of effecting fertilization. ‘This apeimatozoin, 
as soon ag it enters the periphery.of the yolks, or cell 
substance proper, seta up a series of renmurkable 
phenomena, Tirst, its own head rapidly ineroases in 
size, and takesan the appearance of a cell-nucleus ¢ this 
is called the male pronucleus. AC the same time its 
tail begins to disappeuy, and the enlarged head proceeds 
to make its way direclly towards the nucleus of the 
ovum which, as before stated, is now called the female 
‘oconucleus. The latter in ils tara moves towards the 
former, and when the two meet they fuse into one 
mass, forming a new nucleus. Before the two actually 
meet, the spermatozoon his lost its tail allopether ; 
and it tg noteworthy that during ita passage through 
the protoplasmic cell-contents of the ovum, it appears 
tu exercise upon this protoplasm: an attractive in- 
fluence ; for the granules of the latter in its vicinity 
dispose themselves around i in radiating lines, All 
these various phenomena are depicted in the above 
wood-culs. (J’igs. 34, 34») 

Fertilization having been thus effected by fuston of 
the male and female pronuclei into a single (or new) 
nucleus, this latter body proceeds lo exhibit: compli 
cuted processes of karyokinesis, which, as before 
shown, are preliminary to nuclear division in the case 
of egyecells, Tadeed the karyokinetie process may 
begin in both the pronucled before their junction is 
effected; and, even when their junetion is effected, 
it dees not appear (hat complete fusion of the go- 
called chromatin clements of the two pronucled lakes 
plage. For the purpose of explaining: what this 
means, and stil) more for the purpose of giving a 
general idea of the karyokinelic procesaes ax a whole, 
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A 
T will quoté the following description of them, because, 
fox terseness combined with Iucidily, it is ungur- 
passable. 
Researches, chiefly due to Flemming, have shown that the 
nucleus in very many Ussues of higher plants and animals cons 
sists ofa capsule containing 4 plasma of achiomatin,” not deeply 





HG g6.—Kayokinesis of a typical tlasue-cell (epithelium of Sala 
mander), (Afler Flemming and Klein.) The series from A to I 
tepicdents Lhe successive stages in the movement of the chomatin 
filncs during division, excepting G, which represents the © nuclous- 
spindle” of an egg-call, A, resting nucleus; D, wicath-fom; Ky 
xingle stat, the loops of the wieath belug bioken ; I, sepmiation of 
the star into two groups of U-shaped fibres; 11, dinster or double 
ater; J, completion of the cell-division and formation of two resting 
nuclef, In G the chromatin fibres ate maiked a, and coriespond to 
the “equatorial plate"; 4, achromatin fines forming the nucleons: 
xplndles ¢, granules of the coll-protoplasm forming a “polar star.” 
Such a pula stay fs seen at each end of the nuclens-npindle, and is 
not to be confused with the dinster EH, the two ends of which are 
composed of chromatin. 

stained by re-ayents, ramifying in which is areticnlum of © chio- 

matin” consisting of fibres which ieadily take a deep stain. 

(Fig. 36, A). Fiuther it is demonstrated that, when the cell is 

about to divide into two, definite and very iemaikable move- 

ments take place in the nucleus, resulting in the disappeafanee 
of the capsule and in the arrangement of its fibres fist in the 
* K 


wns 
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form of a wieath (1D), and subacquently (by the hiedking of 
the loops formed by Ue fines) in the form of a sua (hy. A 
further movement within the nucleus lends to an surangent nt at 
the bieken loops in two groups (1), Ube postuon of the apen ends 
of the boken logps being reversed ng compared With what pre 
viously obuned. Now the two groups diverge, and in inany 
censes a stiiated appearance of the achomatin substance beacon 
the two groups of chiomatin Jyapa is observable (ED. Ty same 
cases (espectily eygecelly) thin stated: aamgonent of the 
achromatn is then Cenmed a“ nueleusspindley and the group ot 
chromadn Joops (G, a) known as “the cquittorial place? Ataueh 
end of the nucleusespidlo in thes eicd (here is aflen seen a 
stu consisting of granules belonghiyg to Che yeneral protoplasm 
of the cell (G,¢). These are known ay polar ata.” Altar the 
septation of the two sets of loops (IT) the protoplaym of the 
genetal substance of the cell becomes consuicted, and diy isa 
occu, so ns to clude a group of Chronuttin loops i each of the 
two fission products. Rach of diese than rearranges TNETE tes 
gether with the associated elromatin inte a nucleus such its wats 
present in the mother coll to commence with (1) 


Since the above was published, however, further 
piogress has been made, In particular it hay been 
found that the chromatin fibres pass fiom phase 1D 
to phase F by a process of longitudinal splitting: (Jig. 
a7, 4; Tig. 38, Vi, VU) which isa point of great 
importance for Weismann's theory of hereditye- and 
that the protoplasm outside the nucleus seems to 
lake as important @ part in the karyukinetic process 
as does the nuclear substance. Vor the so-called 
* attraction-spheres ” (I*ig. 38 IL as WI, a. VU to 
XT), which were at first supposed to be of subordinate 
importance in the process we a whole, are now known 
to take an exceedingly active part in it (see especially 
TX to XI). Lastly, ib may be added that there fa a 


T Ray Lankestor, Aacyelop, dit, oth uly, Vol, XIX, pp. Badeas 
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* 
L1G, g7—Study of successive changes taking place in the nuclens of an epithelium ft 
cell, preparatory to diviston of the cell, Grom Quain’s Anatomy, alter Wem 
ming) a, resting cell, showing the nuclent network ; 4, first atage of division, 
the chromatoplasm tiansformed mtonskem of closely contorted filaments; eto 
futher stages in the growth and loopmg arrangement of the filaments; 4, stellate 
phase, a aster; 4, completion of the splitting of the filaments, ahcady begty in 
Sond gj 4,7, & succcasive stages in aopnintion of the filaments inte two groups; 
4, the final result of this (dinster) ; 1 to g, stages in the division of the whale 
cell into two, showing nciensing contortion of the filaments, willl they rench the 


resting stage nt g, 


K2 





Pa 38 Lormation nnd confiygatian of the pronto ln ef cane ee megadocephals 
(Liem aaa s Anatomy, ner fo ven Headland A tonne prensa tow, ar, 
Take promclaigy A, ane at the pala tation 





1. ‘The xccamd pale body ted fant boos extutded | both male ated te onde prose bet 
contale Ove chromatin pati tes, Chas ot the rake promt low ote Deramtiy 
truvtarnied tite a skein 

TE ‘Phe chromatin fa both pranitcls raw deri tate a stoi 

Ta The shel are mare intiont Lae atria ttan (or prataplasnlo spheres each 
Wile a contend peut de malted within ental pbelis a aciesimati: thies lave nude 
thee appeidtyane gs te hie pester al dentate ced Uh agige elenie te Ute arias 
appre ictiiyg plonieb Lhe mat pent lo hie the reamie of the barks af the 
spernmutonesisn adhe ring ta dt. z 

TEE Qaly che female promuclewe be aleawa in thhe fyite “The akela beconnacted 
and thieks ned Lie attias dan spheres aie nen ane able ab the oyun, and are 
conmed tel with ita periphery hy acon of fibro toring a pol chele, Pe toe, 
eaptatoriad ¢ lr te 

Tita The promtel i five cone fate contact, and the aphidite ay ater de now 
artange dd nt rond Cheb commen axle 

# TW. Conuaction of the skett, aud formation af wa Uo or Viwhaped chromatin 
Ahrens lis cach premnv lee 

¥. The Veshnped chromatin fila uta aie now quite diqtinet s the nude and fematy, 

pronuelel ate in close contact. 
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» 
VU, Le 


VI, VIL The V slapd filaments aye sphtting Longitucinally 4 Cheb ab uctire of fine 
granules of chrantatio fg apparent in VIL, which is more hygtly ningnificd She 


Conjugation of the pranuclel ts apparcntly complete in VO ‘the attractions 
vie naa neluematic spindte, ekhongh pram, are not depretud m TV, Vy 
sand 


VELL Eqnatorint arrangement of the fort chromatin loops In the middle of the 
now Aegrnencinyy ovum the achtomautle anbstance forming a aptindle sling 
system of granules with fibres endiating flom thy pola of the spine a (attract athe 
spheres), Ga chrometin forns an equatorkil plata. (Compare Ig 46. G ) 


TX Showa dingrammatically the commencing ae parndon of die chromatin fines 
of the onpuaated muictel, ane the ayets im oF uhtea rallithig fons the ati action 
sph res compre agate Fig OG) fe, pola chelo ee, equatorial clue ¢ 
ee, qaual particle, 


X Turther sepauation of the chrowntin filaments Fach of the central purticlen 
of tha attinction spheres has divided inte Ovo 


XL ‘The chromatin fines are becoming developed into the akclna of the ove 
Snughter wid These ase still uted by fibres of achiomatin the genet 
protoplaum af the ova is hucomlng divided 


XT the two daughter nuclel exhibita chromathr network Each of the attactian 
wphcvca tas lisa into tao, which aie fained by Gbies of aeliomndin, roid can 
auett dl Sih the puiphery of the collin dhe sume way ann the original on pire at 
splute, WL, 
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growing consensus of authoritative opinion, that the 
chromatin fibres are the seata of the material of 
heredity, or, in other words, that they contain: thea 
essential elements of the cell which endow the 
daughter-cells with thei distinctive characters, ‘There 
fore, where the parent-cell is an ovum, it follows front 
this view that all herediauy qualities of the fatare 
ormanism are potentially present in the ullrasmicro- 
seopical structure of the chromatin (bres. 

As T shall have mare to say about these processes 
in the next volume, when we shall see the import 
part which they bear in Weismann's theory of 
heredity, it is with a double purpose that There 
intraduce these yet further illustrations of them upon a 
somewhat larger scale, The present purpose is merely 
that of showing, more clearly than hitherto, the great 
complexity of (hese processes on the one hand, and, 
on the other, the general similarity which they display 
in ege-cells and in tissue-cells, But avin relation to 
this purpose the illustrations apenl for themselves, T 
may now pass on at once lo the history of embryonic 
development, which follows fertilization of the ovaa, 


We have seen that when the new nuclens of the 
fertilized ovum (which is formed hy a coalescence of the 
male pronuclous with the female) has completed Its 
karyokinetic processes, it is divided jute twa equal 
parts; that these are disposed at opposite poles of the 
ovum; and that the whole contents of the ovum are 
thereupon likewise divided inte Gyo equal parts, with 
the result that there are now two nucleated cella within 
the spherical wall of the ovum where before there had 
only been one. Moreover, we have also seen that a 
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precisely similar serics of events repeat themselves in 
each of these two cells, thus giving rise to four cells 


whttiaes 





Vtg, 39 Segmentation of ovum, (After Hackel.) Successive stages 
are marked by the lettas A, B,C, 1D represents several stages in 
advance of C, 


(sce Tig, 29) It must now be added that such 
duplication is continued time after time, as shown in 
the accompanying illustrétions (I"igs. 39, 40). 

All this, it will be noticed, is 
a case of cell-multiplication, 
which differs from that which 
takes place in the unicellular 
organisms only in its being d- 
variably preceded (as far as we 
know) by karyokinesis, and in 
the nesulling cells being all con- 
fined within a common envelopo, Ftd. 4o-~—The contents of 
and so in not being free to pre ened 
separate, Nevertheless, from drawn In perspective, 
what has already been said, it (After Hitckel.) 
will also be noticed that this feature makes all the 
difference between a Metazoén and a Protozodn ; so 
that already the ovum presents the distinguishing 
character of a Metazoon. 
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T have dealt thas at considerable length upoa the 
processes whereby the originally unicellar ovum anid 
spermatozoon become converted into the multicellukyr 
germ, because [do not know of any ether exposition 
of the argument from Minbryology where Unis, Che first 
stage of the argument, haw been adequately trated, 
Yel it is evident that the fact of all the processes 
above described being so similar in the case of sexual 
(or metazoal) reproduction among the innumerable oy 
ganisms where it occurs, constitutes in itsell a strong 
argument in favour of evolution, Mor the mechanism 
of fertilization, and all the processes whieh even thus 
far we have seen lo follow therefrom, are hereby 
shown to be not only highly complex, but likewise 
highly specialized. Therefore, the rentarkable simi- 
laity which they present throughout the whole animal 
kingdom—-not to speak of the vegetable is expressive 
of organic continuity, rather than of absolute din. 
continuily in every case, as the theary of spedtal 
creation must necessarily suppose, And if is evident 
that this argument is strong in propaition to the 
uniformity, the specialization, and the complexity of 
the processes in question, 

[aving occupied so much apace with supplying what 
appear to me the deficiencios ja previous expoultions 
of the argument from Embryology, [ean new atford 
Lo take only a very genenil view of the more important 
features of this argument aa Chey are successively fare 
nished by all the hater stipes of individual development. 
But this is of litte consequence, svelng that from the 
point al which we have now arrived previous exposi- 
tions of the argument are both good and numerous. 
The following then fa lo be reyarded aga mere sketch 
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of the evidences of phyletic (or ancestral) evolution, 
“which are so abundantly furnished by all the subse- 
yuent phases of ontogenctic (or individual) evolution. 
The multicellular body which {is formed by the 
series of segmentations above described is at first a 
sphere of cells (ig. 40). Soon, however, a watery 
fluid gathers in the contre, and progressively pushes 
the cells towards the circumference, until they there 





Via qi--Kormation of the gasuula of Amphiovns. (After Kowalavshy.' 
A, wall of the ovum, composed of a single layer of cells ; 1 0 stage 
in the process of gastrulatlon; C, comphtion of the process; $, 
orginal or segmentation cavity of ovum; a/, alimentary cavity of 
gaatruln ; ect, outer Inyer of cells ; ev#, inner layer of calls; 4, onifige, 
econatituting the mouth in permanent forms, 


constilutea single layer, The ovum, therefore, is now 
in the form of a hollow sphere containirg fluid, con- 
fined within a continuous wall of cells (Fig. 41 A). The 
next thing that happens isa pitting in of one portion of 
the sphere (B), The pit becomes deeper and deeper, 
until there is a complete invagination of this part of the 
sphere—the cellswhich constitute it being progressively 


+ 
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pushed inwards until they come into contact with 
those at the opposite pole of theavum. Consecuently, 
instead of a hollow sphere of celly, the ovam now 
becomes an open sac, the walls of which ave composed 





(After Utiekel) 1, Gaxtrata ofa Warm (Angra. (Attar Kawa tevaky,) 
G, Gantruta of an Behtnoterm (faster, (Afer As Agawle) 1D, 
Cinstrata tan Arthrapad (Atapias), (After Hilvkel) i, Gaateata 
ofa: Mollwak (Zémanus). (After Rabb) 1, Gastuila ofa Vertebrate 
lelnphioxus). (After Kawalevaky. Tn alt, d, Indlenten the bitextinat 
cavity; 0. the primitive manth; 4, the cleave eavity 5 4 the enddo- 
ern, or intestinel layers ¢, Ure eetaderin ar akbtelayer, 


ofa double layer of cella (C),. The ovum is now what 
has been called a gastrula; and it {9 of importance. to 
observe that probably all the Metazoa pass through 


Biiescirsiiisasaiat 
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this stage. At any rate it has been found to oceur in all 
the main divisions of the animal kingdom, asa glance at 
the accompanying figures will serve to show (Fig. 42), 
Moreover many of the lower kinds of Metazoa never 
pass beyond it; but arcall their lives nothing else than 


\ 


nt 


iy 


} 


Fie. 4geGastrula of a Chalk Sponge, (After. Hitekel,) A, External 
view. : 4, Longitudinal section. g, digestive cavilica; 0, mouth; 
4, endoderm ;.¢, ectoderm, 

pastrula, wherein the orifice. becomes the mouth of 

the animal, the internal or invaginated layer of cells 

the stomach, and. the outer layer the skin, So that 
if we take a. child's india-rubber ball, of the hollow 





' Th moat vertebrated animals this process of gastrulation has been 
more or leas superseded: by another, which 1s catled delamination; but : 
it senreely seems necegsary for our present purposes to describe the | 
Intler, Vor not only docs it eventually ead to the same result ox 
gastrulntion—ie. the converting of the ovum into a double-walled snc,— 
hut there is goad evidence among the lower Vertebratn of its being pre- 
ceded by gastrulation ;. ao that, even as to the higher Vertebrata, 
embryologlsts are-pretty well agreed that delamination has been but a 
Inter development of, or possibly improvement upon, gastrulation, 
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kind with a hole in it, and push in one side with our 
fingers Lill internal contact is extiblished all round, by 
then holding the indented side downwards we should 
gel a very fair anatomical model of a pasta form, 





bit, qq LeopAyseme primordeat, wy extant gautran form (After 
Lickel.) (A). extemal view of the whole nudnad, artached by ite foot 
fo weaweesd, (18). Longitudiint seation of the name, ‘The digestive 
cavity (7) opens at {te wpper ered In teecmeuth (az). Among the cella 
of the endoderm (¢) He mobail egyecolla of large wize fe). ‘The ev 
todermn (2) fa enerusted with profi ol sand, above the sponge spicules, 


such as is presented by the adult condition of many 
of thé most primitive Metazoa--expecially the lower 
Celenterata, The preceding figures represent two 
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other such forms in nature, the first locomotive and 
transitory, the second fixed and permanent (Hips, 
43s dd). 

Here, then, we leave the lower forms of Metazoa in 
their condition of permanent gastrula, They differ 
from the transilory stage of other Metazoa only in 
being cnormously larger (owing to greatly further 
growth, without any further developmen? as to matters 
of fundamental importance), and in having sundry 
tentacles and other organs added later on to meet 
their special requirements, The point to remember 
is, that in all cases a gastrula is an open sac composed 
of two layers of cells—the outer layer being called the 
eetoderm, and the inner the endoderm, They have 
also been called the animal layer and the vegetative 
layer, because it is the outer layer (ectoderm) that 
gives rise to all (he organs of sensation and move- 
meat-—wviz, the skin, the nervous system, and the 
muscularsystem ; while it is the inner layer(endoderm) 
that gives rise to all the organs of nutrition and 
reproduction, It is desirable only further to explain 
that gastrulation does not take place in all the Mgtazoa * 
after exactly the same plan, In different lines of 
descent various and often considerable modifications 
of the original and most simple plan have been intro- 
duced; but I will not burden the present exposition 
by describing these modifications’, 11 is enough for us 
that they always end in the formation of the two 
primary layers of ecloderm and endoderm, 

The next stage of differentiation is common to all 
the Metazoa, except those lowest forms which, as we 


' The most caticme of them fs that which ta mentioned In the last 
foot-rote, 
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have just seen, remain permanently as large patrube, 
with sundry specialized adduions in’ the way of 
tentacles, &e. This stage of differentiation consists in 
the formation of either a pouch or an additional 
layer between the ectoderm aad the endederm, which 
is called the mesoderm, It is probably in most cases 
derived from the endoderm, but the excel mode of dts 
dévivation is still somewhat obscure, Sometinis: it 
has the appearance of itself constituting: tivo layers ; 
but it is needless to po inte these details; for in amy 
case the ultimate result is Che sume viz, that of con+ 
verting the Metazoon into the form of a tube the walls 
of which ave composed of concentric layers of cells. 
The outermost layer aflerwards gives rise to the 
epidermis with ils various appendages, and also le the 
central nervous system with ils orrans of special sense, 
‘The median layer gives rise lo the voluntary museles, 
bones, cartilages, &e., the nutrilive systema of the 
blood, the chyle, the lymph, and the muscular tube 
of the intestine. Lastly, the innermost layer deve- 
lopea into the epithelium Hning of the intestine, 
with jls various appendages of liver, lungs, infestinal 
** glinds, &c. , 

T have just suid that this three or four layered stage 
is shared by all the Metaana, except those very lowest 
forms-~such as sponges and jelly-fish—which do not 
pass on to it, Bul from this point the developmental 
histories of all the main branches of the Matazua 
diverge—-the Vermes, (he [chinadermata, the Mol- 
lusea, the Articulata, and the Vertebrata, each taking 
a different road in their subsequent evelution. I will 
therefore confine attention to only one of these 
several roads or methods, namely, thal which is 
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followed by the Vertebrata—-observing merely that, if 
space permitted, the same principles of progressive 
though diverging histories of evolution would equally 
well admit of being traced in all the other sub-king- 
doms which have just been uamed, 

In order to trace these principles in the cage of the 
Vertebrata, it is desirable first of all to obtain an idea 
of the anatomical features which most essentially dis- 
tinguish the sub-kingdom as a whole The following, 
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Lia. 4§ Ideal primitive vertebrate, seen fiom the lefi aide. (After 
Tliickel.) va, nose; an, eye; g, cary aid, mouth ; ds, will-openings 5 
w, notochord; a, spinal tube; Ay, gill-vessels; 4, gillsintestine; 22, 
heart; vs, muscles; va, stomach ; %, intestinal veins ¢ body-cavily 5 
@, noitas ¢, liver; d, small intestine; ¢, ovmys 4, testes; 7, kidney 
canal p @f, anus} /4, true ov leatherskin; of, ouler-ekin Ceptder mis i 
J; skin-fold, aoting asa fn. wet 


then, 1s what may be termed the ideal plan of verte- 
brate organization, as given by Prof, Hackel. First, 
occupying the major axis of body we. perceive the 
primitive vertebral column, The parts lying above 
this axis are those which have been developed from 
the ectoderm and mesaderm—viz. voluntary muscles, 
central nervous syslem, and organs of special sense. 
The parts lying below this axis are forthe most part 
those which have been developed from the endoderm 
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namely, the digestive titel with ils plandular ape 
pendages, the circulating system and the vespinuery 
aystem. In tamavelse section, 
therefore, the idea vertebrate 
consists of a solid ania, with at 
small tube occupied bye Ute 
nervous system abave, and ot 
Jarge tube, or hady + cavity, 
below, ‘This hody-euvily cans 
tains the viewer, breathing 
The 46 The same ' . 
mM Lansvere sation Olgs, ane heart, with its 
through the ovaries; prolungations inte the main 
KUuterng oo in the lood-vewsels of the organiam, 
pret ding Tbe, : 

Lastly, on cither side of the 
central axis are to be found large inasses of musele 
two on the dorsal and two on the ventral Aa yet, 
however, there are no limbs, nor even any bony 
skeleton, for the primitive vertebral colunin ia hitherta 
unoasificd cartilage, ‘This ideal animal, therefore, is to 
all appearance as much like «worm asa fish, and swims 
by means of a Jateral undulation of its whole body, 
assisted, perhaps, by a dotsal fin formed out of skin, 

Now I should not have presented this ideal repre+ 
sentation of a primilive vertebuie for L have very 
Jitlle faith in the “scientific use of the imagination 
where it aspires to discharge the functions of x Creator 
in the manacture of aachelypal forms Eaay [should 
Nol have presented this ideal representalive of a 
primitive vertebrite, were it nut that the ideal is 
actually tealized in a suill existing animal For (here 
still survives whal must be an immensely archaic 
form of verlcbrate, whose analomy ts alorost identical 
with that of the imaginary type which hag juat been 
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Fie. 47 —Amphoxus lancolatus. * After Hackel} @, anus; ax, eye; 6, ventral mnscles; ¢, hody-canty, ci, 
notochord ; d, intestine; 2 and dz, dorsal and sentral wails of intestine : 7, fin seam; 4, shin; & gills; da, ah- 
antery 5 , lisers «0. liver-vem, m1, brain-bladder; 72 2, spinal marrow; mg. stomach; 0. mouth; /. ventral 
pore; 7, dorsal muscle; s. tail-fin, ¢, aorta; 2. intestinal vein; 2, boundary between gill-intestme and stomach- 
intestine ; 3, hypobranch.al groove. 
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described. I allude, of course, to elapdiovss, which 
is hy far the most primitive or generalized type of 
verlebrated animal hitherto diseavercd,  Tideed, we 
may say that this remarkable creature is almost as 
nearly allied to a worm ag it is toa fish, For it has 
no specialized head, and therefore no skull, brain, 
or jaws: it is destitute alike of limbs, of a centsalized 
heart, of developed liver, kidneys, and, ino short. of 
most of the organs which belong to the other 
Vertebrata. It presents, however, a rudimentary back 
bone, in the form of what is edled a natechord, Now 
a primitive dorsal axis of this find occurs ata very 
early period of embryonic life in all vertebrated’ 
animals; but, with the exception of Aauphiovns, in 
all other existing Verlebrita this structine is not 
ilself destined to became the permanent or bony 
vertebral column. On the contrary, it gives way: to 

or is replaced by, this permanent bony structure a 

a later stage of development, Consequently, it ia very 
suggestive that se distinctively embryonic a structure 
as this lemporary cartilysinous axis of all the other 
known Vertebrata should be found ackually persisting 
to the present day as the permanent axis of elapdinvas, 
Tn many other respeets, likewise, the early embryonic 
history of other Vertebrata refers ua to the permanent 
condition of elapdiovus, Ti particular, we must 
notice that the wall of the neck is always perforated 
by what in Aapdiorns are Ure gill-openings, and thal 
the blood-vesdels as they proceed fram the heart are 
always distributed in the form of what are called 
gill-arches, adapted to convey the blond round or 
through the gills for the purpose of aeration. In all 
existing fish and other gill-breathing Vertebrata, this 
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arrangement is permanent. It is likewise met with ina 
peculiar kind of worm, called Badangglossus- -a creature 
so peculiar, indeed, that it has been constituted by 
Gegenbaur a cass all by itself. We can see by the 
wood-culs that it presents a series of gill-slits, like the 
homologous parts of the fishes with which it is compared 
—i.¢, fishes ofa comparatively low type of organization, 
which dates from a time before the development of 
external gills. (Jigs. 48, 49, 50.) Now, as 1 have 
already said, these gill-s/#és are supported internally by 
the gill-aredes, or the blood-vessels which convey the 
blood to be oxygenized in the branchial apparatus 
‘(sce below, Figs, 51, §% 53); and the whole arrange- 
ment is developed from the anterior part of the in- 
testinc—as is likewise the respiratory mechanism 
of all the gill-breathing Vertebrata. That so close 
a parallel to this peculiar mechanism should be met 
with in a worm, isa strong additional picce of evidence 
pointing to the derivation of the Vertebrata from the 
Varmes, 

Well, I have just said that in all the gill-breathing 
Vortebrata, this mechanism of gilleslits and vascular 
gill-ngches in the front part of the intestinal tract is 
permanent, But in the air-breathing Vertebrata such 
an arrangement would obviously bo of no use, Con 
sequently, the gill-slits in the sides of the neck (sce 
Figs. 56 and 57, 58), and the gill-arches of the large 
blood-vessals (igs. 54, 55, 56), are here exhibited 
only as transitory phases of development, But as 
such they occur in all air-breathiig Vertebrata, And, 
ag if to make the homologies as striking as possible, 
at the time when the gill-slits and the gill-arches are 
developed in the embryonic young of air-breathing 

ba - 








Fic. 30.—Adak Shark (Carcharias melanopterus. 


‘After Cavier and Hickel. 





» $2-—One gih-arch. with 
chisl fnage  sttackec, 





Fic, 31—Diagram of heact ‘3 
and gillarches of = fish. (After Owen} H, Hea 
(After Gwen } 





Fic. =3.—Diagram of heart and gill-arckes in a Hzard. 
After Owen. The gill-a:ches, 2 a a".crd f 0", 
are called aortic arches in air-breathing vertbrata. 
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Vertebrata, the heart ia constructed upon the fish-like 
type. That ix to say, it is plitced fur forwards, and, 
from having been a simple tube ay in Worma, is new 
divided into two chambers, as in [ish Tatter on it 
becomes progressively pushed further back between 
the developing lungs, while it progressively acquires 
the three cavities distinctive of Amphibia, and finally 
the four caviics belonging only to the complete 
double circulation of Birds and Mannnals. Moreover, 
it has now heen satishietorily shown that the lungs 
of air-breathing Vertebrata, which are thus destined 
to supersede the function of pills are themselves the 
modified swim-bladder or float, which belongs to Fish. 
Consequently, all these proyressive modifieadions in 
the important organs of circulation and respiration in 
the air-breathing Vertebrata, (ayetber mike up ag 
complete a history of their aquatic peclipree as it 
would be possible for the most exacting: critie to 
require. 

If space permitted, it would be easy to present 
abundance of additional evidence ta the same effect 
from the development of the skeleton, the skull, the 
brain, the sense-organs, and, in short, of every con» 
stituent part of the vertebrate onsaization. leven 
without any anatomical dissection, the similurity of 
will vertebrated embryos at compurable alapes: of des 
velopment admits of being strikingly shown, i! we 
merely pltce the embryos one beside the other, 
Ifere, for Instance, are the embryos of a fish, a sala 
Mander, a tortoise, a bird, and four different mammals, | 
Tn cach case three comparable stages of development 
are represented. Now, if we read Lhe series horizontally, 
ig cay sce that there ia very little difference between 
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the eight animals at the ‘carlicst of the three stages 
represented—all having fish-like tails, gill-slits, and 
soon, Tn the next stage further differentiation has 
taken place, but it will be observed that the limbs 
are still so rudimentary that even in the case of Man 
they are considerably shorter than the tail, But itt 
the third stage the distinctive characters are well 
marked. 


So much then for an outline sketch of the main 
features in the embryonic history of the Vertebrata. 
But it must be remembered that the science of cam- 
parative embryology extends to cach of the other three 
great branches of the tree of life, where these take 
their origin, through the worms, from the still lower, 
ar gastraa, forms, And in each of these three great 
branches—namely, the [chinodermata, the Mollusca, 
and the Arthropada—we have a repetition of just the 
same kind of evidence in favour of continuous descent, 
with adaptive modification in sundry lines, as that 
which I have thus briefly sketched in the case of they 
Vertebrata, The roads are different, but the method 
of travelling is the same. Moreover, when the em- 
bryology of the Worms fs closely studied, the origin 
of these different roads admits of being clearly traced. 
So that when all this mass of evidence is taken to- - 
gelher, we cannot wonder that svolutionists should 
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“rhe peingipal wvilness to thet theoky. 


CHAPTER V. 
PAL ONTOLOGY, 


TuE present Chapter will be devoted to a cons 
sideration of the evidence of  orpanic evolution 
which has been furnished by the researches of pea. 
Ipgists. On account of its direet or historical nature, 
his branch of evidence is papulirly regsurded: as the 
most importants much so, indeod, that in the 
opinion of most cducitted persons the whole daetrine 
of organic evolution must stand or fill according: to 
the so-called “lestimeny of the rok.” Now, without 
at all denying the peculiar importance of this line of 
evidence, J must begin by remarking: that it does net 
present the denominating importance which popular 
Judgment assigns to iG Jor although pepular jude. 
ment is right in regarding the tesUmony of the racks 
ay of the nature of « history, this judpment, as a rue, 
is very inudecuately agquainted with Uhe great linper- 
feetions of that history. Knowing in a peneral way 
what magnificent imlvanees the scienee ef geology has 
nade during the present century, the public mind is 
more or less imbued with the nation, that because 
We now possess a tolerably complete reeord of the 
chronological succession of geological formations, we 
must therefore possess a correspondingly complete 


Paleontology. 157 


record of the chronological succession of the forms of 
life which from time to time have peopled the globe. 
Now in one sense this notion is partly true, but in 
another sense it is profoundly false. It is partly true 
if we have regard only to those larger divisions of 
the vegetable or animal kingdoms which naturalists 
designate by the terms classes and orders, But the 
notion becomes progressively more untrue when it is 
appHed to families and genera, while il is most of all 
untrue when applied lo species, That this must be sa 
may be rendered apparent by two considerations. 

In the first place, it does not follow that because 
we have a tolerably complete record of the succession 
of geological formations, we have therefore any 
correspondingly complete record of their fossiliferous 
contents, The worl of determining the relative ayes 
of the rocks docs not require that every cyki¢ mile of 
the earth's surface should be separately examined, in 
order to find all the different fossils which it may 
contain, Were this the case, we should hitherto have 
made but very small progress in our reading of the 
testimony of the rocks, The relative ages: of the 
rocks are determined by broad comparative surveys 
over extensive areas; and although the identification 
of widely separated deposits is often greatly assisted 
by a study of their foasiliferous contents, the mere 
pricking of a continent here and there is all that is 
required for this purpose. Henee, the accuracy of 
our information touching the relative ages of gen- 
logical strata does not depend upon—and, therefore, 
does not betoken—any equivalent accuracy of know- 
ledge touching the fossiliferous material which these 
strata may al the present time actually contain. And, 
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as we well know, fhe opportunities whieh the prea. 
logist has of discovering fossils are extremely limited, 
if we consider these opportunities in relation to the 
area of geological formations, ‘The Jarper portion of 
the earth’s surface is buried beneath the seas and 
much the larger portion of the fossilitrous deposits 
on shore are no less hopelessly buried beneath the 
land. ‘Therefore it is only upon the fraction portion 
of the earth’s surface which at the present time 
happens to be actually exposed to his view that the 
geologist is able to prosecute his seach for fossils, 
Bul even here how miserably inadequate this search 
has hitherto been! With the exception of a serateh 
or two in the continents of Asian and America, 
together wilh a somewhat kuyer number of similar 
sciatches aver the continent of Hurape, even that 
compan atively small portion of the earth's surfkee 
which is available for the purpose hay been hitherto 
quite unexplored by the paleontologist. Low chore 
mously rich a store of material remains to be 
unearthed by the future serutchings of this surface, 
we may dimly surmise from the astonishing world of 
bygone life which is now being revented in the newly 
discovered fossiliferous deposits on the continant of 
America, 

But, besides all this, we must remember, in the 
second place, Unit all the fosailifereus deposits In the 
world, even if they: could be thereughly explored, 
would still prove highly imperfect, considered as a 
history of extincl forms of life. In order that many 
of these forma should have been preserved as fossils, 
it is necessary that they should have died upon a 
surface neither too hard nor loo soft to admit of thelr 
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leaving an impression; that this surface should 
aflerwards have hardened sufficiently to retain the 
impression ; that it should then have been protected 
from the erosion of water, as well as from the dis. 
inlegrating influence of the air; and yet that it should 
not have sunk far enough beneath the surface to have 
come within the no less disintegrating influcuce of 
subterranean heat, Remembering thus, as a general 
rule, how many conditions require to have met before 
a fossil cau have been both formed aud preserved, 
we must conclude that the geological record is pro- 
bably as imperfect in itself as are our opportunities of 
reading even the little that has been recorded. If we 
speak of it as a history of the succession of life upon 
the planet, we must allow, on the one hand, that it is 
a history which merits the name of a “chapter of 
accidents”; and, on the other hand, that during the 
whole course of ils compilation pages were being 
destrayed as fast as others were being formed, while 
even of those that remain it is only a word, a line, or 
at most a short paragraph here and there, that we are 
permitted to see, With so fragmentary a record as 
this to study, I do not think it is loo much to say 
thal no conclusions can be fairly based upon il, 
marely fram the absence of testimony. Only if the 
testimony were positively opposed to the theory of 
descent, could any argument be fairly raised against 
thal theory on the grounds of this testimony, In 
other words, if any of the fossils hitherto discovered! 
prove the order of succession to have been incom- 
patible with the theory of genetic descent, then the 
record may fairly be adduced in argument, because 
we should then be in possession of definite information 
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’ 
of « positive kind, instead of a mere absence of infor. 
mation of any kind. But if the adverae argument 
reaches only Co the exten€ of maintaining: that the 
geological record does not furnish ws with se com- 
plete a series of “connecting links” as we might have 
expected, then, I think, the argument is file, Tven 
in the case of human histories, wrilten with the inten- 
tional purpose of conveying information, iC is an 
unsafe thing to infer the non-oceurrence of an event 
from a mere silence of the historian and this espe. 
cially in matters of comparatively small detail, such 
as would correspond (in the present anutlogy) to the 
occurrence of species and genera as connecting: links. 
And, of couse, if the history had only come down to 
us in fragments, no one would attach any importance 
at all to what might have heen only the aAparen? 
silence of the historian. 

In view, then, of the unfortunate imperfection of 
the geological record fev se, as well as of the no leas 
unfortunate limitation of our means of reading even 
so much of the record ay has come down to us, I 
conclude that this record can only be faiily used 
in two ways, Tt may fairly be examined for 
positive testimony against he theory of descent, or 
for proof of the presence of orpanic remains of a 
high order of development in a low level of strata, 
And it) may be fairly examined for nepative 
testimony, or for the absence of connecting links, 
if the search be confined to the ktrper taxonomic 
divisions of the fiuna and flora of the world. The 
more minute these divisions, the more restricted must 
have been the areas of their origin, and hence the 

vs gpleas likelihood of their having been preserved in the 


, 


Paleontology. 161 


fossil state, or of our finding them even if they’ 


have been. Therefore, if the theory of evolution is 
true, we ought not to expect from the geological 
record a full history of sfeetfe changes in any but at 
most a comparatively small number of inslances, 
where local circumstances happen to have been 
favourable for the wriling and preservation of such a 
history, Bul we might reasonably expect to find a 
general concurrence of geological testimony to the 
larger fact—namely, of there having been throughout 
all geological time a uniform progression as regards 
the larger taxonomic divisions, And, as I will next 
procecd Lo show, this is, in a general way, what we do 
find, although not altogether without some important 
exceptions, with which I shall deal in an Appendix, 
There is no fasitive proof against the theory of 
descent to be drawn from a study of palwontology, or 
proof of the presence of any kind: of fossils in strata 


where the fact of their presence is incompatible with’ 


the theory of evolution, On the other hand, there is 
an enormous body of uniform evidence to prove twa 
general facts of the highest importance in the present 
connexion. The first of these general facts is, that an 
increase in the diversity of types both of plants and 
apimals has been constant and progressive from the 
carlicst to the latest times, as we should anticipate that 
it must have been on the theory of descent in ever. 
ramifying Ilnes of pedigree. And the second general 
fact is, that through all these branching lines of ever- 
mulliplying types, from the first appearance af each 
of them to their latest known conditions, there is 
overwhelming evidence of one great law of organic 
nature—ithe law of gradual advance from the general 
MN 
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to the special, from the lew to the high, from the 
simple to the complex. 

Now, the importance of these luge and general 
facts in the present connexion must be at ones 
apparent; but it may perhaps be vendered more so if 
we ty to imagine how the case would have stood 
supposing geological investigation to have yielded in 

this maiter an pppesite result, or even so mutch as an 
equivocal result, ICit had yielded an opposite result, 
if the lower geological formations wee found to 
‘contain as miny, as diverse, and as highly organised 
types as the later geological formations, clearly there 
would have been no room at all for any theory of pro- 
gressive evolution. And, by parityy of reasoning, in 
whatever degice such a stnte of matters were found to 
prevail, in that degree would the theory in question 
have been discredited. But seeing: that these opposite 
principles do not prevail in any (relatively spealcing) 
considerable degree 4, we have so fir positive testimony 
of the laigest and most massive character in fivour of 
this theory, For while all these kre and general 
facts aie very much what they ought to be aecording 
to this theory, they cannot be held te lend any 
support at all to the rival theory. In other words, ft 
is clearly no casential purl of the theory of apecial 
creation Chat species should everywhere exhibit this 
seradual muldiplication ag ta number, coupled with a 
“ gradual diversification and general cleyallo 
Arar tite growing branches of the tree uf life, No 
‘ane coukl adopt seriously the joctilar lines of Burns, 
to the effect that the Creator required to practise his 
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statements, see the Appendix. 








AMESOZDIC or SECONDARY. Carvozoic or TERTIARY 


Paieozoic or PRIMARY. 


Azorc. 





LPatweontology, 


cote 


Hpochs and fay maton. 


Fost Priow yr 
Cacho Pore 


PE tana, 400d fel 


MEOC Bnd, 4,000 ft 


OLTWOC RAE, Rood A 
Tc Yi, 1,000 ft, 


LARA, 4,000 ft 


CREIACKOUS, 12,000 ft 
Chalk 


Jurassie, 6.000 ft. 
Oohite 
Ling 


TRIAS, 50 ft 
Now Red Sandstone 


TERR MIAN, §,000 ft 


Carnonrrrrous, 
acs Ft 
Coal 


DEvoNtAN, 18,000 fu. 
Ol Red Sandstone 


+ 
SILURIAN, 43,000 fi, 


CAMBRIAN, 2} 000 ft, 


ANRC AN, 30,000 ft 
Thnontan 
Tan atian, 


PRIMEVAL 





Faunal Characters 


Man Mammalia prin ipally of ivi 
sprek Molinsca te clusively recant 


Niunmalia principally ot recent genet, 
Using specs nae. Malle voy. 
moh tn 


Marnmalin pncipally of Uh ing Gunilla y 
CG Cte pat eae, Rpeedog ald 
extinct. Mollianee kugely ob recent 
apdes 


Mammal with numetous extinet fran 
{a aid ordeias all the spas nat 
mod oof the wemra extinct Modura 
dypesbdtl ist 


Dass ygo Bas 


Dinasiurian (bird Wke) Repultey, Mera 
daityls (ying Reptiles), tootled 
Mics, cartewt Saks, bony Tashis, 
Crovaiiledy Truths, Anmenttes 


Failtont Bide, giant Reptiles (Tehthye 

anus, Danosaims, Pecrodar cyls), Am 
monites, Chass and Sal Slee vary. 
abundant, devine of Brachlopads, 
Butterfly, 


Virt Mammalian (Miusuplel) 5 2 gilled 
Coplitopods (Citic Mishns, Belem 
ates), reptilinn Foot Pinta, 


Lanlicse tine Re yiile 


Marton’ Ampinbian (Labyrinthorlant) , 
cxtinetion of Mriobheay first Cray. 
fish; Beatles; Cockroaches, Centl 
pelea; Spiders: 


Cariilaginona and Ganoid WHahies; eare 
feat lane ortail) el frealiwater 
Shella; Shell Fish abundant; decline 
of Triloblies; May-fha; Crab 


Farliest Tish, tus fiat Ait Becathors 
{Inaet, Stospion), Ginehiopoda and 
degitied Cephalopoda very alyuant; | 

Tlobltes, Corals, Guiptolites 


nh ftolites ; Beachiopod Mollasks 


Fozotin (probably ant a fossil) 


Nowseillmentary, 


M2 


163 


h 
} 





1 


164 Darwin, and after Larwin, 


prentice hand on lower types before advancing to the 
formation of higher. Yet, without some such asaymp- 
tion, it would be impossible to explain, on the theory 
of independent creations, why there should have been 
this gradual advance fiom the few to the many, fram 
the general Lo the special, flam the low to the high. 

I submil, then, that s0 far as the hupest-and most 
general principles in the matter of palwontolary aie 
concerned, we have about as strong and inasyive a 
body of evidence as we could reasonably expect this 
bianch of science to yield ; for it is at once enornyous 
in amount and positive tn character, ‘Therefore, if 
Ido not futher enlarge upon the evidence whieh 
we here have, as it were ev masse, it is only because 
Ido not feel that any words could add to its obvious 
significance. IL may hest be allowed to speaks for itself 
in the millions of facts which are condensed in this 
tabular statement of the order of succession of all the 
known forms of animal life, as presented by the 
eminent palvontologist, Professor Cope th, 

Or, taking a still more general survey, thix tabular 
statement may be still finther condensed, and. pres 
sented ina diagrummatic (orn, ag it hits been byanother 
eminent American palvontolopist, Prof, Le Conte, in 
his execllent Hille Ureatise on /eodudion aid its 
Relations to Religions Thought. ‘The following is 
his diagrammatic representation, with his remarks 
thereon, 

When each ruling class declined in importance, it did not 
petish, bit continued in a subordinate position, ‘Uhus, the 


whole organic kingdem became not only highor and higher in 
its highest forms, but also moe and more comples in its struce 


) dor diMculties and ubjecttons, see Appendix, 
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tine and in the interaction of its coelated parts, The whole 
* process and its result is roughly represented in the accompanying 
Magiam, in which A B represents the course of geological time, 
* and the curve, the tise, culminaion, and decline af successive 
dominant classes. 





Te, a9-—-Diagmin of Geological Secession of the Classes of the 
Animal Kingdom, (Afar Te Conte.) 


J will here leave the evidence which is thus yielded 
‘by the most general principles that have been estit- 
blished by the science of palwontology; and I will 
devote the rest of this chapter to a detailed con- 
sideration of a fow highly special lincs of evidence, 
By thus suddenly passing from one extreme to the 
other, I hope to convey the best idea that can be 
conveyed within a brief compass of the minuteness, as 
well as the extent, of the testimony which is furnished 
by the rocks, ‘ 


When Darwin first published his Origin of Species, 
adverse critics fastened upon the * missing-link” argu- 
ment as the strongest that they could bring against 
the theary of descent. Although Darwin had himself 
strongly insisted on the imperfection of the geological 
record, and the consequent precariousness of any ne~ 
gative conclusions raised upon it, these critics main- 
tained that he was making too great a demand upon the 
argument from ignorance—thal, even allowing for the 
imperfection of the record, they would certainly have 
expected at least a few cases of testimony to specific 
transmutation, For, they urged in effect, looking to 
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the enormous prefasion of the extinct spevies on the 
one hand, and to the immense manber of known 
fossils on the other, it was incredible that yo sitis. 
factory instance tSpeeitie transmutation honk ever 
“hive ecn “bidught to light, if such transmutiaion had 
‘Wer dceurred in the univers! manner which the thenry 
was bound to suppose. Bat sines Darwin first 
published his great work pakevontglogiats have legen 
very active in discovering and exploring lsiliteruts 





beds in sundry parts of the would; and the result aff 


their labours bas been to supply so many of the 
previously missing links thal the voice gf competent 
criticism in this matter hag now been well ‘nigh silenced. 
Indeed, the material thus furnished to an idvovate of 
evolution at the present time is so abundant that his 
principal difficulty iv to select his samples. [ think, 
however, (hat the most sitisfictory result will be 
gained if [ restrict my exposition to a minute secount 
of sume few series of connecting links, madher than if 
T were to take a more general survey of a huyer 
number, I will, therefore, confine the stavey to the 
animal kingdom, and there mention only seme of the 
cases which hive yielded well-letailed proot of con. 
tinuous differentiation, 

Te is obvious that the parts of animals most likely 
to have been preserved in such a continuous series of 
fossils av the preseat line of evidenge requires, would 
have heen the hard parla ‘These are horns, bones, 
“Teeth, and shelly, ‘Cherefore I will consider each of 
these four classes of structures separitely, 


Horns, wherever they occur, are found to be of high 
importance for purposes of classification, They are 
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restricted to the Rumivants, and appear under three 
different forms or types—namely, solid, as in antelopes ; 
hallow, as in sheep ; and deciduous, as in deer, Now, 
_in each of these divisions we have a tolerably complete 
‘palwontological history of the evolution of horns. 
The carly ruminants were altogether horniess (I*ig. 60), 





Tig, 6o.—Shull of Orcodon Culbertson’. (After Leldy.) + 


Then, in the middle Mioceng, the first antelapes ap~ 
peared with tiny horns, which progressively increased in 
size among the ever-multiplying species of antclopes 
until the present day. But itis in the deer tribe that we 
meet with even better evidence touching the pro- 
gressive evolution of horns; because here not only 
size, but shape, is concerned. Tor deer's horns, or 
antlers, ave arborescent ; and hence in their case we 
have an opportunity of reading the history, not only 
of a progressive growth in size, bul also of an increasing 
development of form. Among the older members of 
the tribe, in the lower Miocene, there are no horns at 
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all. In the mid-Miacene we meeb wilh two-pronged 
horns (Cereus dicracerus, Vig. G1, 63, 4 nat. sive). 
Next, in the upper Miocene (C) vlatheranis, Vig, 
63, } nat. size), and extending into the Miocene 
(C. pardinensis, Vig. 64, 4’ nat size), we meel with 
three-pronged horns, Then, in the Pliocanewe find alse 
four-pronged horus (GC. dssdodorcasésy Wipe Ag, aby nat, 
Size), loading us Lo five-pronged (Ci zefraceras), Lastly, 
in the Vorest-bed of Norfolls we meet with arborescent 
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horns (C. Sederote dri, Vig. 66, gh nat size) The 
life-history of existing sty furnishes a parallel 
development (Jig. 67), beginning with a single horn 
(which has not yet been found palvontoloically), 
going on lo lwe prongs, three prongs, four prongs, and 
afterwards bianching. 


Coming now to bones, we have a singularly complete 
tecord of transition from one type or pattern of 


a ’ 
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structure to anothay in ghe phylogenetic history of 
tails, ‘This has been so clearly and so tersely conveyer 





Wo, 67. Suecetve stages in the development of an eatsting Dens 
Antlas, (After Gaudry, but a better iNustiation has alieady been 
given On P. 100.) 





Fis, 68.--Ltomoceical ‘Tail, showing (A) csternal form and 
3) internal suitetine, 


by Prof. Le Conte, that I cannot do better than quote 
his statement, 
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Lt hins long been noticed that there are among tahies Oo slyly 
of tal-fing, ‘These are the even-lubed, or homoceeal (is 08), 
and the unevensfobed, or helevacerctl (ei. Gy) "Pha one is 
chruasteristic of ordinary fishes (teleosta), dhe other of shake 





Bree Gy. Hetaseorent ‘Tail, showing GAY ester tari annul 
(1) fatanat stritine, 





Fite 70, ¢-Vertebiated but aymmetriond fin Gliphy cereal), show hiyg 
(A) external fore sncl 0) dvteum stenetire, 


and some other orders, la abuctire the difference fy even more 
findamental than in form, In the former atyle the backbone 
stops abruptly in a acries of shurt, onluyed joints, and thonce 
sends off raya to form the tail-fin (ig. 68); in the latter the 
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backbone rang through the fin to its very point, growing slen- 
derer by deprees, and giving off rays above and below from each 
Joini, but the rays ov the lower side are much longer (Iig. 69). 
This type of fin is, therefore, varfedraded, Une ather nar 
vertebrated. * Figs, 68 und Go show these two lypes in form and 
structure. But there is still another type found only in the low- 
est and most generalized forms of fishes. In these the tail-fin is 
yertebrated and yet sywmeuical. ‘‘Phis type is shown in Mig. 70, 





Tra, 7a.—Tal of mode Uird, 
‘Lhe numetala indicate the fore~ 
shortened, enlarged, and con 

bia. gi Lall of Archanpterys. © solidnted joints; 4 terminal 
A indicates origin of simply- segment of the verlelial column 5 
Jointed tall, D, shafis of feathers, 





Now, In tha development of a teleost fish (Fig. 68), as has 
been shown by Alexander Agnasiz, the tail-fin is first like Tig. 
70; then becomes heterocercal, like Fig. 69; «nd, finally, be~ 
comes homocereal like Fig. 68. Why so? Not because there 
is any special advantage in this succession of forms; for the 
ehanges take place cither in the egg or else in very early em. 
bryonic states. ‘Che answer is found in the fact that Ads 2s die 
order of change in the phylogenetic series. ‘The earliest fish-tnils 
were either like Fig. 69 or Vig. 70; never like Fig. G8. The 
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Vic. 7Rmcdrhagplerys noutrd, Veatored, fale wide, (Alt 
Hower.) The seetlon of the tail is vopied fom Owen, mt. sive. 
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cnrligst ofall were almoat certainly like vid 70; then they be- 
eaine like Fig. 693 and, finally, only much later in geological 
higtory (Jurassic or Cretaceous), they became like Vig. 68. ‘This 
srder of change is still retained in the embryonic development 
of ‘tho last introduced and most specialized oder of existing 
Yishea, ‘The family history is repeated in the individual history. 
Similar changes have taken place in the form and stiucture of 
birds’ tnils, ‘Lhe earliest bird known -the Jurassic Archuon 
plerya--had a long reptilian tail of twenty-one joints, cach joint 
henring a feather on ench side, right and left (I'ig. 71) + [sec also 
Fig: 73). xIn the typical modern bird, on the contrary, the tail- 
jojuts tic diminished in number, shortened up, and enlarged, 
andl giye out long feathers, fan-like, to form the so-called tail 
(Fig. 72). ‘The Archaeopteryx’ tail is verlebrated, tho typical 
bird's won-vertebrated. ‘Uhis shortening up of the tail did not 
take place at once, but gradually. The Cretaceous birds, inter~ 
mediate in (ime, had tails intermediate in structure, ‘The Z/es- 
perornis of Marsh had twelve joints. Atfirst- -in Juraasic strata 
the (ail is fully a half of the whole vertebral column, It then gind- 
wally shortens up until tt becomes the aborled organ of typical 
modern bids. Now, in embryonic development, the tail of the 
modern lypical bird passes sirongh all these stages. At first the 
thil Is nearly one half the whole vertebral column ; then, ns de- 
velopment goes on, while the rest of the body grows, the growth 
» of the tail stops, and thus finally becomes the aborted organ we 
pow find, ‘The ontogeny alill passes through the stnges of the 
phylogeny, The same fs true of all taillesa animale, 


‘ 
* 


tie extinct Archeoplergx above alluded to pri eaeilts 
throughout its whole organization a most interesting 
assemblage of “ generalized characters.” Tor example, 
its teeth, and its still unreduced digits of the wings 
(which, like those of the feel, are covered with scales), 
yofer us, with almost as much force as doos the verte. 
brated tail, to the Sauropsidian type—or the trunk 
from which birds and reptiles have diverged, 

We will next consider the paleontological evidence 
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which we now possess of the evolution of mammalian 
limbs, with special reference to the hoofed animals, 


Fic. 73.—Skeleton of Lion. After Hmley.) 











where this line of evidence happens to be must 
complete. 
I may best begin by describing the bones as these 
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aceur in the ‘sundry branches of the mammalian type 
now living, As we shall presenlly see, the modi 
fications which the limbs have undergone jn these 
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bones of fore-arm; 5, bones of the wrist; 6, bones 
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‘bones of the fingers. 





Se, shonlder-blade; 4, coracoig 
ia 


Fic. 76.—Anterior limb of Man, Dog, Hog, Sheep, and* Horse. (After Le 
4, @, 
of the band; 2 


sundry branches ghighy consist in the suppression of 
some pars and the exaggerated development’ of oth a. | 
Bul, by comparing all mammalian limbs together, it iy 
casy Lo obtain a generalized type of mammalian limb, 
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whieli in ‘actual life ig perhaps most nearly conformed 
to fm thg case of bears, Twill therefore choose the 


int ; 


Bones of toes, 
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(After Le Conte.) 1, 


> bones of foot ; 
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of leg; 
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bear for the purpose of briefly expounding the bones 
of mammalian limbs in general—merely asking it to be 
* oy 
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understood, that‘although in the case of many other 
mammalia some of these bones may he dwindled or 
altogether absent, while others may be greatly cx» 
aggcrated as to relative size, in no case do any 
additional bones appear. 

On looking, then, at the skeleton of a bear (Mig. 74), 
the first thing to observe is that there is a perfect serial 
homology between the bones of the hind legs and of 
the fore legs. ‘The thigh-bong, or femur, corresponds 
to the shoulder-bone, or humerus; the two shank 
bones (tibia and fibula) correspond to the two arm-bones 

#(radius and ulna); the many little anklo-bones (larsals) 
correspond to the many little wrist-bones (carpals) ; 
the foot-bones (mela-tarsals) correspond (to the hand- 
bones (meta-carpals) ; and, lastly, the bones of cach 
of the Loes correspond to those of cach of the fingers. 

The next thing to observe is, that the disposition of 

bones in the case of the bear is such that the animal 
walks in the way that has been called plantigrade. 
That is to say, all the bones of the fingers, as well as 
those of the toes, fect, and ankles, rest upon the ground, 
or help to constitute the “soles.” Our own feel are 
constructed on a closely similar pattern. But in’ the 
thajority of living mammalinn forms this ia not the 
case. [for the majority of mammals are what has 
been called digitiprade, ‘That is to say, the bones of 
the limb are so disposed that both the foot and hand 
bones, and therefore also the ankle and wrist, ave 
removed from the ground altogether, so that the 
animal walks exchuisively upon its toca and fingers—as 
in the case of this skeleton (J*ig. 75), which is the skele- 
ton of a lion, The next figures display a series of 
limbs, showing the progressive passage of a completely 
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plantigrade into sa highly digitifrade type-- the 
curved lines of connexion serving to indicate the 
homologous bones (Migs, 76, 79). 

T will now proceed to detail the history of mammalian 
limbs, as this has been recorded for us in fossil remains. 

The most generalized or primitive types of limb 
hitherto discovered in any vertebrated animal above 





Hig. 78e=A, powetor Hmb of Aaptanadon diteus, (Alter Mavs.) 1; 
Ahigh-hone; Tto VI, wnliffeventinted bones of the leg ond foot, 1, 
anlerior limb of Chedpdra so pentina, (After Gegenbaur.) U and R, 
bones of the forearm; I to V, fully differentiated bones of the hand, 
following those of the wiist, 


the class of fishes, are those which are met with in 

some of the extinct aquatic reptiles. Here, for 

instance, is a diagram of the left hind Imb of 

Baplanodon discus (Mig. 78). Tt has six rows of little 

symmetrical bones springing from a leg-like origin. 
N2 
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But the whole structure resembles the fin of a fish 
abort as nearly as it does the leg ofa mammal, For 
not only are there six rows 
of bones, instead of five, 
suggestive of Lhe numerous 
rays which characterise the 
fin of a fish; but the struc. 
ture as it whole, having 
heen covered over with 
blubber and = skin, was 
throughout flexible and 
unjointed thus in’ fune« 
tion, even more than in 
structure, resembling: a fin, 
In this respect, also, it 
must have resembled the 
paddle of a whale (sce 
Tig. 79); but of course the 
greal difference will be 
noted, thal the paddle 
of a whale reverts the 
dwindled though still cleady typical bones of a true 
mammalian limb; ao that although in outward form 
and fanetion these two paddles are alike, their fnward 
struchue clearly shows that while the one testifies to 
the absence of evolution, the other testifies to the 
presence of deyencration, Ifthe paddle of Baptanadon 
had occured ina whale, or the paddle of a whale had 
occurred in Bapfanadon, cither fact would in itself have 
been well-nigh destructive of the whole theory of 
evolution. 

Such, then, is the most generalized as it is the most” 
ancient type of vertebrate limb above the claas of 





FIG. 7y--Paddle of a Whale. 
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fishes. Obviously it is a type suited only to aquatic 
life, Consequently, when aquatic Vertebrata began to 
become terrestrial, the type would have needed modi- 
fication in order to serve for terrestrial locomotion, In 
particular, it would have needed to gain in consolida- 
tion and in firmness, which means that it would have 
needed also to become jointed, Accordingly, we find 
that this archaic type gave place in land-reptiles to 
the exigencics of these requirements. JIere for ex- 
ampleisa diagram, copied from Gegenbaur, of the right 
fore-fool of Chelydra serpentina (Fig, 78) As com- 
pared with the homologous limb of its purcly aquatic 
predecessor, there is to be noticed the disappearance 
of one of the six rows of small bones, a confluence of 
some of the remainder in the other five rows, a dupli- 
cation of the arm-bpne into a iadius and ulna, in 
order to admit of jointed rotation of the hand, and a 
general disposition of the small bones below these ” 
arm-bones, which clearly foreshadows the joint of the 
wrist, Indeed, in this fore-foot of Chelpdra, a child 
could trace all the principal homologies of the mam- 
malian counterpart, growing, like the next slage in a 
dissolving view, oul of the primitive paddle of Bapta- 
noton—namely, first the radius and ulna; next the 
carpals, then the meta-carpals, and, lastly, the three 
phalanges in each of the five cigits, 

Such a type of foot no doubt admirably meets the 
requirements of slow reptilian locomotion ever swampy 
ground, But for anything file rapid locomotion over 
hard and uneven ground, greater madifications would 

“be needed. Such modifications, however, need not 
be other in kind: it is enough that they should con- 
tinue in the same line of advance, so as to reach a , 


* 
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higher degree of firmness, combined with betler joints, 
Accordingly we find that this took place, not indeei 
among reptiles, whose habits of cold-blooded life have 
not changed, but among their warm-blooded de. 
scendants, the mammals, Moreover, whet we examine 
the whole mammalian series, we find that the required 
modifications must have taken place in sliphtly differ. 
ent ways in three lines of descent simultancoualy, We 
have first the plantigrade and digitiprade modifications 
already mentioned (pp. 178, 179) OF these the 
plantigrade walking entailed least change, because 
most resembling the ancestial or dizard-dike mode of 
progression, All that was here needed was a geneal 
improvement ag lo reladive lengths of bones, with 
greater consolidation and greater flexibility of joints, 
Therefore T need not say anything: more about the 
plantigrade division, Bul the digitigrade madification 
necessilated a change of structural plan, lo the extent 
of raising the wrist and ankle joints off the ground, so 
as Lo make the quadruped walk on ils fingers and toes, 
We meet with an interesting case of this transition 
in the oxisting hare, which while at rest supports 
itself on the whole hind foot after the manner of 2 
plantigrade animal, but when running dloes xo upon 
the ends of its toes, after the manner of « digitiprade 
animal, 

Te is of importance for us Co note that this transi. 
tion from the orlginal plantigrade to the more recent 
digitigrade type, has heen carried out on tao slightly 
different plans in two different lines of mamma. 
lian descent. ‘The hoofed mammals --which are all 
digitigrade—nre sub-classified as arliodactyls and 

+ perissodactyls, i,¢. even-loed fd odd-toed. Naw, 
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whether an, animal has an even or an odd number 
of toes may seem a curiously artificial distinction 
on which {o found so important a classification 
of the mammalian group. But if we look at the 
matter from a less empirical and more intelligent 
point of view, we shall sce that the allernative of 
having an even or an odd number of toes cauies with 
it alternative consequences of a practically inyportant 
kind to any animal of the digitigrade type. For 
suppose an aboriginal five-tocd animal, walking on 
the ends of its five toes, to be called upon to resign 
some of his toes, If he is left with an even number, 
it must be two or four; anc in cither case the animal 
would gain the firmest support by so disposing his 
toes as to admit of the axis of his foot passing be- 
tween an equal number of them-—whether it be one or 
two Loes on cach side, On the other hand, if our early 
mammal were called upon to retain an odd number 
of toes, he would gain best support by adjusting 
matters so that the axis of his foot should be coinci- 
dent with his middle toc, whether this were his only 
toe, or whether he had one on elther side of it. 
This consideration shows that the classification 
into even-loed and odrl-toed is not so artificial as 
it no doubt at first sight appears. Tcl us, then, 
consider the stages in the evolution of both these types 
of fect. 

Going back to the reptile Chelydra, it will be 
observed that the axis of the foot passcs down the 
middle toc, which is therefore supported by lwo toes on 
cither side (Jig, 78) It may also be noticed that 
the wrist or ankle bongs do not interlock, either with one 
another or with the*Bones of the hand or foot below 
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them. This, of course, would give a weal foot, suited 
to slow progression over marshy ground-—which, as 


After Cope.) 


TEETUS. |, 


skeleton of Phenacedius 21 


Fic. $0.— Fossil 
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we have seen, was no doubt the origin of the mam- 

malian plantigrade foot. Herg, for instance, to all in- 

+, tentgand purposes, is a similattype of foot, which 
a 
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belonged to a very carly mammal, antecedent to the 
elephant series, the horse series, the rhinoceros, the 
hog, and, in short, all the known hoofed mammalia 
(Itig. 80) It was presumably an inhabitant of 
swampy ground, slow in its movements, and low in 
ils intelligence, 

But now, as we have secn, ‘for more rapid progression 
on hard uneven ground, a stronger and better jointed 


foot would be needed. Therefore we find the bones | 


of the wrist and ankle beginning to interlock, both 
among themselves and also with those of the foot and 
hand immediately below them. Such a stage of 
evolution is still apparent in the now existing elephant. 
(See Tig, 81.) 

Next, however, a still stronger foot was made by 
the still further interlocking of the wrist and ankle 
bones, so that both the first and second rows of them 
were thus fitted into cach other, as well as into the 
bones of the hand and foot beneath, This further 
modification is clearly traceable in some of the earlier 
perissodactyls, and occurs in the majorily at the 
, present time. Compare, for example, the greater in- 
terlocking and consolidation of these small bones in the 
Rhinoceros as contrasted with the 12 lephant (Tig. 81), 
Moreover, simultaneously with these consolidating im- 


provements in the mechanism of the wrist and ankle | 


joints, or possibly at a somewhat later period, a reduc- 
tion in the number of digits began to take place. This 
was a continuation of the policy of consolidating the 
Niet analogous to the dropping out of the sixth row 
of small bones in the paddle of Baptanodon. (Vig. 
78.) In the pentadactyl plantigrade foot of the carly 
mammals, the first digit, being the shortest, wag, the 
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frat to leave the ground, to dwindle, and finally: to 
disappear. More work being thus thrown on the 
vemaining four, they were strengthened by inte 
locking with the wrist (or ankle) bones above them, as 
just mentioned; and also by being bronght closer 


together, 
he changes which followed I will render in the 
words of Professor Marsh, 


‘Two kinds of reduction beans One leading te the exiating 
perissoclacty font, and che other, apparently kuter, resulting in the 
aifodacty] type. In the farmer the axis of the foot Lemaineed 
in the middle of the Unt digit, ah in tha pentadactyl fate (Hee 
Fig. 81.) In the Jatter, it shifted to the outer side of this digit, 
or between the third and fauth toa. [See iy. 8a] 

In the further reduction of the perissadactyl foot, the tfth 
digit, being shorter than the ren wiining dave, nest lefthe gromad, 
and giadually disappeared, [Tly. 81 | OF the three remaining 
toes, the middle or axjal one was the longest, and retainiye its 
supremacy ae neater strength and speed were required, finally 
assumed the chief support af dhe faat (Pip, Br Cf, while the 
outer digits left the guound, sensed to be of uae, and were lost, 
except as splint-hones [Fly 81 Df. The feet of the evisting 
horse shows the best example of this reduction in the Poris« 
nodactyls, ay ft is the most specialized known in the Ungulutes 
|Fig. 81D). 

In the ardodactyl foal, (he reduction resulted in the gradaat 
diminution of the two outer of the four remaining toes, the third 
noel fourth daing all the work, and chad inereasing dn aise guid 
power, ‘The fifth digit, for the sume reasons nx in the perisaae 
dnety) foot, fiat lett the xround med beenme smaller, Neat, the 
sveond soon followed, nm these two giiadually ceased io be 
functional, [and eventually disappeared altogether, aa shown in 
the accompanying drawing of the feet of still existing animale, 
Fig, 8a B,C, Dh. 

Tho limb of the modern raco-horse fan nenrly perfect plece of 
machinery, especially adapted to grent speed on dry, level 
ground. ‘The Jimb of an antelope, or deer, is likewise well fitted 
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Fre, 83.—-eat and lecth th fosstl pedigree of the Ilorso. (After Marsh ) 
@, bones of the fore-foot ; 4, bones of the hind-foot ; ¢, radius and ulna; 
d, Ubin and fibula; ¢, roots ofa tooth; Zand gy crowns of upper and 
lower molar teeth, 
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for rapid motion on a plain, but the foot itself ig adapted to rong: 
mountain wok as well, and it ia ta this advantage, i pat, that 
the Aitindactyls ewe their pregent supremacy. ‘Che phantiade 
pentadactyl foot of the primitive Unguhite and even the peris- 
sodactyl foot that succeeded it beth belong to the past humic 
period of the world's history. As the sinface af the eau 
slowly dried up, in the gid desiccation all in prea ess, new 
types of fect became a necessity, and the horse, suntelope, 
and camel were gradually developed, ty meet Che ude 
conditions: 





Wi. Sper Lahrothe nm. Lawer Tertiary of Mila Hasty) 


The best instance of such progressive modifications 
in the case of perissodactyl feet is furnished by the 
fossil pedigree of the exiating hearse, became hare, 
within the limits of the same continuous furily line, 
we have presented the entire sevies of modifications. r 

There are now known over thirty species of horge« 
like creatures, beginning from the size of a fox, then 
progressively increasing In bulk, and all standing in 
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lincar series in structure as in time, Confining 
attention to the teeth and fect, it will be secn from 
the woodcut on page 18) that the former grow 
progressively longer in their sockets, and also more 
complex in the patterns of their crowns. On the 
other hand, the latter exhibit a gradual diminution 
of their lateral toes, together with a gradual strength- 
ening of the middle one, (See Fig. 83.) So that in 
the particular case of the horse-ancestry we have a 
practically complete chain of what only a few years 
ago were “missing links.’ And this now practically 
completed chain shows us the entire history of what 
happens to be the most peculiar, or highly specialized, 
limb in the whole mammmatian class—namely, that of 
the existing horse. Of the other two wood-cuts, the 
former (Tig. 84) shows the skeleton of a very early 
and highly generalized ancestor, while the other is 
a partial restoration of a much more recent and 
specialized one, (Hig. 85.) 

On the other hand, progressive modifications of the 
arliodactyl fect may be traced geologically up to the 
different stages presented by living ruminants, in some 
of which it has proceeded further than in others. For 
instance, if we compare the pig, the deer, and the 
camel (Fig. 82), we immediately perceive that the 
dwindling of the two rudimentary digits has pro- 
ceceled much further in the case of the deer than in 
that of the pig, and yet nat so far as in that 
of the camel, secing that here they have wholly 
disappeared. Moreover, complementary differences 
are to be observed in the degrec of consolidation 
presented by the two useful digits, Jor while in the 
pig the two foot-bones are still clearly distinguish- 
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able throughout their entire length, in ther deer, and 
still more in the camel, their union is more complete, 
so that they go to constitute a single bone, whose 
double or compound character is indicated externally 
only by aslight bifurcation at the base, Nevertheless, 
if we examine the state of matters in’ the unborn 
young of these animals, we find that the two bones 
in question are still separated throughout their length, 
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and thus precisely resemble what used to be their 
permanent condition in some of the now fosuil species 
of hoofed mammalian, 

‘Turning next from bones of the Ilmb to other parts 
of the mammalian skeleton, let us briefly consider the 
evidence of evolution that is here likewise presented by 
the vertebral column, the skull, and the teeth, 

As regards the vertebral column, if we examine this 
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structurd in any of the existing hoofed animals, we 
find that the bony processes called zygapophyses, 
which belong to cach of the constituent vertebra, 
are so arranged that the anterior pair belonging to 
each vertebra interlocks with the posterior pair be- 
longing to the next vertebra. In this way the whole 
series of vertebrae are connected together in the form 
of a chain, which, while admitting of considerable 
movement laterally, is everywhere guarded against 
dislocation, But if we examine the skeletons of any 
ungulates from the lower Eocene deposits, we find 
that in no case is there any such arrangement to 
secure interlocking. In all the hoofed mammals of 
this period the zygapophyses are flat. Now, from 
this flat condition to the present condition of full 
interlocking we obtain a complete series of connecting 
links, In the middle Miocene period we find a group 
of hoofed animals in which the articulation begins 
by a slight rounding of the previously flat surfaces: 
later on this 1ounding progressively increases, until 
eventually we get the complete interlocking of the 
present time. 

As regards teeth, and still confining attention to 
the hoofect mammals, we find that low down in the 
geological series the tecth present on their grinding 
surfaces only three simple tubercles, Later on a 
fourth tubercle is added, and Jater still there is de- 
veloped that complicated system of ridges and furrows 
which is characteristic of these teeth al the present 
time, and which was produced by manifold and 
various involutions of the three or four simple tuber- 
cles of Kocene and lower Miocene times. In other 
words, the principle of gradual improvement in the 
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construction of teeth, which has already been depicted 
as repards the particular case of the Horse-fumtily (lips 
43), ig no less apparent in the pedigyvee of all the 
other mammalian, wherever the paleontological history 
is suflicienUly intact to serve asa record al all. 


‘“ (Wu 
on |, a 
c NAN 





Pte. 87, Tdead xecthon Uhrongh all the above stages. (After Le ¢ onte } 


Lastly, as regards the skull, casta of the interior 
show that all the carter mammals had small: brains 
with comparatively smooth or unconvoluted surfaces , 
and that as Gime went on the mammalian brain 
yraduuly advanced in size and complexity, Indeed 
sosmall were the cerebral hemispheres of the primitive 
mammals that they did not overlap the cerebellum, 
while their smoothness must have been such as in this 
respect Lo have resembled the brain of a bird or reptiles 
This, of course, is just as it ought lo be, if the brain. 
which the skull has to accommodate, bas been gradually 
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evolved into larger and larger proportions in espe tat 
its cerebral hemispheres, or the upper masses of it 
which constitute the seat of intelligence Thee, we 
look at the above series ef woodcuts, whieh re 
presents the comparative structure of the buh in the 
esdsuing classes of Lhe Vertebrata, we cn iiniedittely 
understand why the fossil skulls of Miauinilie shouted 
present a gradual increase in size ind ficrowlogy xo 
as lo accommodate the general incre of the Davain 
in both these respects between the devel marked 
“mam! "and that marked “man,” in the dast of die 
diagrams, (I*ig. 87.) 

The tabular statement on the fallowing: diqerant, 
which I borrow from Prof, Cope, will serve at a planes 
to reveal Lhe combined significance of se niny: lines 
of evidence, united within the limits of the same gronp 
of animals, 

To give only one special Mastection af the principle 
of evolution as regards the skull, here is one af the 
most recent instances that his oecumred of the diy 
covery of a missing link, ar connecting fonn (see 
Tig, 88) The fossil (B), which was found in New 
Jersey, stands in an intermediate position between the 
alyg and the elk. Tn the tyr (A) the skull is high, 
showing but little of Ghat anterior ittemtuition whieh 
is such a distinctive fealure of Lhe skull of the elle (C2), 
The nasal bones (N) of the former, agai, are re 
markably long when compared with the admit bones 
of the latter, and the premaxillaries (PMX), inatead 
of being projected forward wong the hurizental plane 
of the base of the akoll, are deflected: sharply down 
ward. In all these points, it will be aven, the newly 
discavered forni (Cervatres) holds an intermediate 


197 


Paleontology, 











eS ) | 
Cagis « pasa | : 
tpssodxsuop auou Ysoparqnz + Coonan} 
pare Sopaqert -poows | wmodig| amg tia toh, s/s 
™| | i 
caynjotnr £Sursg i Seas e spools ¢ i bart es! 4 ine | fropesSruBigh ¢ is LR Tee) 
==. oes oe wpM-F | vopesdnurjg j fF ]--- 7 SPPUC 
sary leg ‘soparoqa- EF Sarypopowy | rea) sopesineey Blo ceteeg 
aE -aynpoaor sjsu " separaquit ‘noomg | “Susoddg, j Pasoip (apesaxtigy Be foe oe aeneg 
smirey 
paz “pasa = poMORy mommy | $ (ranry sry) 
a “ormoany Sp3arg z | poe ‘sapuaqmi-t “thoes | -Sarypoysoyay : “paswaisy apie 1 SEPPes sone 8 s00T 
— ass . 
0 “simjosez Kiquog + speisez> = “ypeoms _ Caeg seep 
saogdsimey = ‘aynjoum 5) sas pee ‘sajaiequi-f -peworg {“Sunpojminy ! “paren spear if ee es ° APPRE 
| is = 
159: 
i if = 7 ac sgn 
ae mapoan: <{2ag + ~porsanra> pur i {ansoddg) aes I t a ‘ : wz 


apes: 
amen sieqnog Pesan separogny-f ‘paoey { “Bormpopowy —“‘pascoity pester preg prtr -voes0qg, 
‘ ‘ 





URES 





: 1 
t ; S208 
ssoaiydodedcg H “srejors sotradag pe | gadiey ' Sensy j Fez | 2. sworrenz30.5 








198 Darwin, and after Darwin, 


position (B). The skull eshibibe a putael cttenine 
tion anterioly, the premaxilkuies wae dite ted) clo 





Fie. RR—Skutle of A, Candia stage Uh ter tate daerae tie, 
and C) Lk, (After Heilprii) 


equally downward and forward, and the nasal bones 
are measurably contracted in aize, The horng Hke« 
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wise furnish characters which further serve Lo establish 
this dual relationship 4” 

The evidence, then, which ia farnished by all parts 
of the vertebral skeleton- awhether we have regard to 
Vishes, Reptiles, Birds, or Manuals --is cumulative 
and consistent. Nowhere do we meet with any de- 
vintion or ambiguity, while everywhere we encounter 
similar proofs of continuous transformation—proofs 
which vary only with the varying amount of material 
which happens to be at our disposal, being most 
numerous and detatled in those cases where the 
greatest ‘number of fossil forms has been preserved 
by the geological record. Tere, therefore, we may 
leave the vertebral skeleton; and, having: presented 
a sample of the evidence as yielded by horns and 
hones, I will conclude by glancing with similar brevity 
al the case of shells~which, as before remarked, con- 
alitute the only other sufficiently hard or permanent 
material to yield unbroken evidence touching the 
fossil ancestry of animals. 

Of course it will be understood that I am everywhere 
giving) merely samples of the now superabundant 
evidence which is yielded by palawontology ; and, as 
this chapter is already a long one, I must content 
myself with ctting only the case of mollusk-shells, 
although shells of other classes might be made to 
yield highly important additions to the testimony. 
Moreover, even as reyards the one division of mollusk- 
shells, I ean afford to ynote only a very few cases, 
These, however, are in my opinion the strongest 
single pieces of evidence in favour of transmutation 
which have thus far been brought to light. 

1 [eilprin, Geolagical Koide es of /valution, pp. 73-4 (A888). 
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Near the village of Steinheim, in Wiitemberg, 
there is an ancient Jake-basin, duting: fon ‘Vertiany 
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times, The lake has long ago drhel ups but its 
aqueous deposits are extraordinarily rich in’ fossil 
shells, especially of different specics of the genus 
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Danarbis, The following is an authoritative rdsu 
of the frets, 


Ag the deposits seam to have been continuous for ages, and 
Che fossil shells very abundant, this seemed to: be an excellent 
opportunity to test the theory of derivation. With this end in 
view, they have been made the subject of exhaustive study by 
Tiendorf in 1866, and by Hyatt in 1880, In passing from the 
lowest to the highest strata the species change greatly and many 
times, the extreme forms heinyg so different that, were it not for 
the intermediate forms, they would be called not only different 
species, but diferent gengin, And yet the gradations are so in 
sensible that the whole series is nothing less than a demon- 
stration, in this case at least, of origin of species by derivation 
with modificntions, The accompanying plate of successive forms 
(Fig. 89), whieh we take fiom Prof, Uyatt’s admirable memoir, 
will show this better than any mere verbal explanation, It will 
be observed that, commencing with four slight varieties - pro- 
bably sexually isolated varieties of one species, each series 
shows a gradual (vansformation as we go apward in Chie strata - 
ie. onward in time, Series T branches into duce sub-series, in 
two of which the change of form is extreme, Series TV is re- 
Markable for reac inerense in size as well as change in form, 
In the plate we give only selected stages, but in the fuller plites 
of the memoir, and still more in the shells themselves, the sub= 
lileat gradations are found ', 

ITere is another and more recently observed case of 
transmutation in the case of mollusks, 

The recent species, Strembus aceipitrinus, suill in 
habits the coasts of Tlorida, Ls extinet prototype, 
SN, Leidy, was discovered a few years ayo by Prof 
Hfeilprin in the Plecene formations of the interior 
of Florida, ‘The peculiar shape of the wing, and 
tuberculation of the whorl, are thus proved to have 
grown out of a previously more conical form of 
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Lastly, attention may here again be directed to the 
very instructive sles of shells which has aleady 
heen shown in a previons chapter, and which serves 
to illustrate the successive geological forms of Pahaduea 
from the ‘Tertiary beds of Slavonia, as depicted by 
Vrof, Neumayr of Vienna. (Ig. 1, p. Ty) 


CHAPTER VIL 
GEOGRAMIIGA. DISTSTHEPPTON, 


THE argument from geology is the argument fan 
the distribution of species in dime. Twill next tke 
the argument from the distribution of species in space: 
that is, the present geopraphicdl distribution of pints 
and animals, 

Sceing that the theary of descent with aditptive 
modification implies slow and preelual change of ane 
species into another, and progressively still niaie slow 
and gradual changes of one genus, Gunily, ar ender 
into another genus. family, er orders we should expect 
on this theory Uhat the exganie types living: on any 
given geographical arew would be Gand ta veseanble 
or to differ from organic types living: elwewhere, ne« 
cording as the area ia connected with ov didonneeter| 
from other preopraphien! arees Mor tiitance, the 
laige continental ihinds of Australia and New Zealand 
are widely disconnected from all other bende af the 
world, and deep sen soundings show that dhey have 
probably been thus discannceted, either since the time 
of their origin, or, at the kestat, thrangh fminenae 
geological epochs, ‘The theory of evolution, there= 
fore, would expect to find two general facta with 
regard to the inhabitants ‘of these islands, Firat, that 
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the inhabitants should form, as it were, lille worlds of 
their own, more or less unlike the inhabitants of any 
other parts of the globe. And next, that some of 
these inhabitants should present us with independent 
information touching archaic forms of life. J*or it ia 
manifesly most improbable that the course of eva~ 
lutionary history should have ran exactly parallel in 
the ense of these isolated oceanic continents and in 
continents elsewhere, Australian and New Zealand, 
therefore, ought to present a very large number, nal 
only of peculiar species and genera, but even of 
familics, and possibly of orders. Now this is just 
what Australia and New Zealand do present. The 
vase of the dog being doubtful, there is an absence of 
all mammalian life, except that of one of the oldest 
and least highly developed orders, the Marsupials, 
There even occurs a unique order, still lower in the 
seule of organization — so low, in fact, that it deserves 
to be regarded as but nascent mammalian: I mean, 
of course, the Monotremata, As regards Birds, we 
have the peculiar wingless forms alluded to in a 
previous chapter (viz. that on Morphology) ; and, with- 
oul waiting to go into details, it is notorious that the 
faunas of Australia and New Zealand are not only 
highly peculiar, but alsosuggestively archaic. Therefore, 
in both the respects above mentioned, the anticipations 
of our theory are fully berne out. But as it would 
lake too long to consider, even cursorily, the faunas 
and Moras af these immense islands, T here allude to 
them only for the sake of illustration Tn order to 
present the argument from geographical distribution 
within reasonable limits, I think it is best to restrict 
our examination to smaller areas; for these will beter 
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admit of bricf and yet adequate consideration, Tut 
of course it will be understood thitt the leas fselstted 
the region, and the shorter the time that it hia been 
isolated, the smaller amount of peculiarity: should we 
expect to meet with on the part ef its present in- 
habitants, Or, conversely stated, the Ienper and the 
greater the isolation, the more peculiavily of species 
would our theory expect to find. “The object of the 
present chapter will be lo show that these, and other 
cognate expectations, are fully realized by facts ; but, 
before proceeding: to do this, F must say a few words 
on the antecedent standing: of the airament, 

Where the question is, #8 at present, between the 
rival theories of special creation and gradual trans. 
mutation, it may at first sight well appear that ne lest 
can be al once so crucial and 40 easily applied as this 
of comparing the species of one peopyraphical area 
with those of another, in order to ses whether 
there is any constant correlation between differences 
of type and degrees of separition, But a litle further 
thought is cnough to show that the test is not quite se 
simple or so absolute that it is a lest to be appliod 
in a luge and general way over the surfice of the 
whole earth, rather than one to be relied upon as 
exclusively rigid in every special case 

In the first place, there ix the obvious consideration 
that lands or seas which are discontinuous new may 
not always have heen so, or not for long cnough to 
adimit of the effects of separntion hiaving been exe led 
to any considerable extent upon their inhabitunts, 
Noxt, there is the scarecly lena important consideration, 
that although land araws may long have been sepa« 
rated from one another hy extensive tracts uf ocean, 
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birds and insects may more or less easily have been 
able to fly from one to the other; while even non- 
flying animals and plants may often have heen 
transported by floating ice or timber, wind or wiler 
currents, and sundry other means of dispersal. Again, 
there is the important influcnce of climate to be taken 
into account. We know from geological evidence that 
in the course of geological time the self-same con- 
tinents have been submitted to enormous changes of 
temperature—varying in fact from polar cold to almost 
tropical heat; and as it is manifestly impossible Uhat 
forms of life suited to one of these climates could 
have survived during the other, we can here perceive it 
further and most potent cause interfering with the test 
of geographical distribution as indiscriminately applica 
in all cases, When the elephant and hippopotamus 
were flourishing in England amid the luxuriant vege- 
tation which these large animals require, it is ovideht 
that scarcely any one species of cither the fauna or 
the flora of this country can have been the same as it 
was when its African climate gave place to that of 
Greenland. Therefore, as Mr. Wallace observes, & [f 
glacial epochs in temperate lands and mild climates 
near the poles have, as now believed by men of 
eminence, occurred several times over in the past 
history of the carth, the effects of such great and 
repeated changes both on migration, modification, and 
extinetion of species, must have been of overwhelming 
imporlance-—of more importance perhaps than even 
the geological changes of sea and land.” 

But although for these, and certain other less 
important reasons which I need not wait to detail, we 
must conclude that the evidence from geoprtphical 
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distribution is not to be regarded as a crucial test 
between the rival theories of creation and evoludon 
in all cases indiscriminately, J must next remark that 
it is undoubtedly one of the strongest lines of evidenge 
which we possess. | When we once remember chat, 
‘Recording to the general theory of evolution itself, the 
present geographical distribution of plants and animals 
is “the visible outcome or residual produet of the 
whole past history of the earth,” and, therefore, that of 
the conditions determining the characters of life in- 
habiting this and that particular area continuity or 
discontinuily with other areas is but one, when we 
yémember this, we find that no further reservation has 
lg be made: all the facta af geographical distribution 
speak with one consent in favour of the naturalistic 


theory. 


"The first of these facts which T shall adduce ia, that 
although the geographical range of any piven species 
is, aa a rule, continuous, such is fir fran being 
always the case. Very many species have more or 
leas discontinuous ranges ~the mountiin-hare. for 
instance, extending from the Arctic regions over the 
greater portion of Hurape te the Ural Mountains and 
the Caucasus, and yet over all this enormous tract 
appearing: only in isolated or ciscontinuona patches, 
where there happen to be either mountain ranges or 
climates cold enowgh to suit its nature. Naty, in all 
auch cases of discontinnily in the range of a species 
the theory of evolution has a simple explanation to 
offer—namely, cither that some representatives of the 
species have at some former period been able to 
migrate from one region to the other, or else that at, 
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one time the apecies occupied the whole of the range 
in question, but afterwards became broken up as 
geographical, climatic, or other changes rendered 
parts of the area unfit for the species to inhabit. 
‘Thus, for instance, it is casy to understand that 
during the last cold cpoch the mountain-hare would 
have had a continuous range; but that as the Arctic 
climate gradually receded to polar regions, the species 
would be able to survive in southern latitudes only 
on mountain ranges, and thus would become broken 
up into many discontinuous patches, corresponding 
with these ranges, In the same way we can explaipy 
the occurrence of Arctic vegetation on the Alps ogy 
Pyrences—namely, as left behind by the retreat ge 
the Arctic climate at the close of the glacial period, ' 
But now, on the other hand, the theory of special © 
creation cannot so well afford to render this obvious 
explanation of discontinuity. In the case of the 
Arctic flora of the Alps, for instance, although it is 
true that much of this vegetation is of an Arctic type, 
it is not true that the species are all identical with 
those which occur in the Arctic regions, Therefore 
the theory of special creation would here have to 
assume that, allhough the now common specics were 
left behind on the Alps by the retreat of glaciation 
northwards, the peculiar Alpine specics were after- 
wards crealed separately upon the Alps, aud yeh, 
created with such close affinities to the pre-existing 
species as to be included with them under the saine 
genera. Looking to the absurdity of thia supposition, 
as well as of others which I need not wail te mention, * 
cerlain advocates of special creation have sought to’ 
take refuge in another hypothesis—namely, hat 
x v 


‘ 
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‘species which present a markedly discontinuous range 
may have had a corresponding number of different 
centres of creation, the same specific Lype having 
been turned down, 30 to speak, on widely separated 
areas, But to me it scems that this explanation pre» 
sents even greater difficulty than the other, IPit és 
dificult to say why the Divinity should: have chosen 
to create new species of plants on the Alps ea so 
precisely the same pattern ag the old, much more 
would it be dificult to say why, in addition te these 
new species, he should also bave created again the 
old species which he had already placed in the Arctic 
regions. 


“So much, then, for discontinuity af distribution. 
The next general fact to be adduced is, thitt there 
is' no constant correlation between habitaty and ani- 
mals or plants suited to live upon them, Of eourse 
all the animaly and plants living upon any piven area 
are well suited to live upon that areas for otherwise 
they could not be there. But the point aow is, chat 
besides the arca on which they do live, there are 
usually many other areas in different parts of the 
globe where they might have lived equally well-na 
is proved by the fact that when transported: by man 
they thrive as well, or even belter, than in thelr 
native country. Therefore, upon the supposition that 
all species were separately created in the countries 
where they are respectively found, we mual conclude 
that they were created in only anme of the places 
where they might equally well have lived. Probably 

“there is at most but a small percentage either of 
plants or animals which would not thrive in some 


a 
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place, or places, on the carth’s surface other than 
that “in which they occur; and hence we must say 
that one of the abjects of special creation—if this 
be the true theory—was that of depositing species 
in anly some among the several parts of the earth's 
surface equally well suited to support them. 

Now, I do not contend that this fact in itself raises 
any difficulty against the theory of special creation, 
But Ido think that a very serious difficully is raised 
when to this fact we add another—namely, that on 
every biological region we encounter species related 
to other species in genera, and usually also genera 
related to other genera in familics, Tor if cach of 
all the constituent specics of a genus, and even of & 
family, were separately created, we must hence con- 
clude that in depositing them there was an unaccount- 
able design manifested to make arcas of distribution 
correspond to the natural affinilies of thet inhabi- 
tants. lor example, the humming-birds are geogra- 
phically restricted to America, and number 120 
genera, comprising over 4oo specics, Hence, if this 
betvkens 400 separate acts of creation, it cannot 
posaibly have been dtte to chance that they were 
all performed on the same continent: it must have 
been design which led to every species of this large 
family of birds having becn deposited in one geogra- 
phical areca. Or, to lake a case where only the 
species of a single genus are concerned. The rats 
and mice proper constitute a genus which comprises 
altogether more than 100 species, and they are all 
exclusively restricted to the Old World. In the 
New World they are represented by another genus 
comprising about 70 species, which resemble their 

Pa 
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Qld World cousing in form and habite; but differ 
from them in dentition and titer such minor points. 
Now, the question is--Why should all the 100 
species have been separately crented on one side 
of the Atlantic with one pattern of dentition, and 
all the yo species on the other side with another 
patlern? What has the Avantic Qeean pot to do 
with any “archetypal plan” of rats’ tegth? + 

Or again, to recur to Australia, why should all 
the mammalian forms of life be restricted to the 
one group of Marsupials, when we know that not 
only the Rodents, such as the rabbil, but all other 
orders of mammals, would thrive there equally well. 
And similarly, of course, in countless other instances, 
Everywhere we meet with this same correlation 
between areas of distribution and affinities of classifi« 
cation. 

Now, il is al once manifest how completely this 
general fact harmonizes with the theory of evolution. 
If the 4co specics of humming-birds, for instance, are all 
modified descendants of common ancestors, and ifnone 
of their constituent individuals have ever been large 
enough to make their way across the oceans which 
practically isolate their territory from all other tropi-+ 
cal and sub-lropical reytons of the globe, then we ean 
understand why {t is that all the 4oo species occupy 
the same continent. But on the special-creation 
theory we can see no reason why the 4oo species 
should all have been deposited in Amerjen. And, as 
already observed, we must remember that this corres 
lation between a geographically restricted habilat 
and the zoological or botanical affinities of ils Inhabi- 
tanls, is repeated over and over and over again in the 
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faunas and floras of the world, so that merely to 
enumerale the instaficos would require a separate 
chapter. 

Furthermore, the general argument thus presented 
in favour of descent with continuous modification 
admits of being enormously strengthened by three 
different classes of additional facts. 

The first is, that the correlation in’ question 
namely, that between a geographically restricted 
habitat and the zoological or botanical affinilics of 
fig Inhabitanis—is not limited to the now existing 
specics, hut extends also to the extincl. That is to 
say, the dead species are allicd to the living species, 
as we should expect that they must be, if the latter 
are modified descendants of the former, On the 
allernative theory, however, we have to suppose that 
the policy of maintaining a correlation between geo~ 
graphical restriction and natural affinity extends very 
much further back than even the existing species 
of plants and animals; indeed we must suppose that 
a practically infinite number of additional acts of 
separate creation were governed by the same policy, 
in the case of long lincs of species long since extinct, 

Thus far, then, the only answer which an advoenie 
of special creation can adduce is, that for some reqgon 
unknown to us such a policy may have been more wise 
than it appears: it may have served some inscrutable 
purpose that allied products of distinct acts of crea~ 
tion should all be kept together on the same areas. 
Well, in answer to this unjustifiable appeal to the 
argument from ignorance, | will adduce the second 
of the three considerations. This is, that in cases 
where the geographical areas are nol restricted the 
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policy in question fails, In other words, where the 
inhabitants of an area are free Wa migrate ta ather 
areas, the policy of correlating affinity with dixtribu- 
tion is most significantly forgotten, Tn this cise 
species wander away from their native homes, and 
the course of their wanderings is marked by the 
origination of new species springing: ap ee rente, 
Now, is it reasonable to suppose that the mere cir 
cumstance of some members of a species being able 
lo leave their native home should furnish any occasion 
for creating new and allied species upon the tracts aver 
which they travel, or the Cerritories to which Chey so? 
When the 4oo existing species of humming-birds 
have all been ercated on the stme continent for seme 
reason supposed to be unknown, why should this 
reason give way before the aceident of any means 
of migration being furnished to Dumming-birds, so 
that they should be able to visit, say the continents 
of Africa and Asia, there gain a fooling beside the 
sun-birds, and henceforth determine a new centre for 
the separate creation of additional species of hum 
ming-birds peculiar to the Old Worlds as hw hap. 
pened in the case of the majorily of species which, 
unlike the humming-birds, have been at any time 
free to migrate from their original homes ? 

Lastly, my third consideration is, that the apposed 
policy in question docs not extend Lo affinities which 
are wider than those between species and genera-- 
more rarely to families, scarcely ever to ardera, and 
never to classes. In other words, nature ghaws a 
double correlation in her geographical distribution 
of organic types :—first, that which we have already 
considered between geogiaphical restriction and 
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natural affinily among inhabitants of the same areas; 
second, another of a more detailed character between 
degrees of yeographical restriction and degrees of 
natural affinity. ‘The more distant the affinity, the 
more general is the extension. This, of course, is 
what we should expect on the theory of descent 
with modification, because the more distant the 
affinity, and therefore, er Aypothes!, the larger and 
the older the original group of organisms, the greater 
must be the chance of dispersal. ‘The 4co species 
of humming-birds may well be unable to migrate 
from their native continent; but it would indeed 
have been an unaccountable fact if no-other species 
of all the class of birds had ever been able to have 
crossed the Atlantic Occan, Thus, on the theory of 
evolution, we can well understand the second corres 
lation now before us~-namely, between remoteness 
of affinity and generality of dispersal,- s0 that 
there is no considerable portion of the habitable 
globe without representatives of all the classes of 
animals, few portions without representatives of all 
the orders, but many portions withoul many of ihe 
familics, innumerable portions without innumerable 
genera, and, of course, all portions without the great 
majority of species. Now, while this general correla- 
tion thus obviously supports the theory of natural 
descent with progressive modification, it makes dl- 
rectly against the opposite theory of special creation, 
For we have recently seen that when we restrict our 
view to the case of species and genera, the Lheory of 
special creation is obliged to suppose that for some 
inscrutable reason the Deity had regard to systematic 
affinity while determining on whal large areas to 
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create his specics!, But now we see that he must 
be held to have*neglected this inscrutable reason 
(whatever it was) when he passed beyond the range 
of genera- and this always in proportion to the re. 
moteness of systematic affinity on the part of the 
specica concerned, 

T cannot well conecive ao vedi die ad absurdion 
more complete thin this, But, having new presented 
these most general facts of geographical distribution 
in their relation lo the issue before us, we may next 
proceed to consider a few illustrations of them in 
detail, for in this way | think that their overwhelming 
weight may become yet more abundantly apparent. 


Tt will assist us in dealing with these detailed iluge 
trations if we begin by consideting: the means of 
dispersal of organisms fiem one place to another, 

* Of course the most ordinary meana is that of con 
tinuous wandering, or emigration; but where geo- 
graphical barriers of any kind have to be surmounted, 

** organisms may only be able to pass them by more 

* exceptional and accidental means, ‘The principal 
barriers of a geographical kind are oceans, rivers, 
mountiln-chaing, and desert-qracts, in the caae of 

| ' 

: ao | Tsay “ /arge areas for the sake of arguments but the same gare 

»  Feladion between distributlon cml aftnity extends Tikew ise te serady 

areas whee only saad differences of afinty mie concerned. “Thus, 
for instance, apeaking of amatter aren, Marily Wagner swayed tthe 
bronder and mae rapid tha river, tha higher and more regular the 
mowitain-chain, the calmer and muie extenalve the xen, the more 
considerable, na a general rule, will be the taxonomia soparation be 
(ween the populations 5 nud he showa that, In correlation with mich 
differences in the degrees of geparatlon, are the degrees of diversification, 
1a, tho amides of apecica, and even oF varleties, which those topa- 
graphion! barrlors detormine, 
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terrestrial organisms; and, in the case of aquatic 
organisms, the presence of land. + Bul it is to be 
observed that, as regards marine organisms, any con+ 
siderable difference in the temperature of the water 
may constitute a barrier as effectual as the presence 
of land; and also that, in the case of all shallow. 
water faunas, a tract of decp ocean constilutes almost 
as complete @ barrier as it does lo terrestiial faunas, 
Now, the means whereby barriers admit of being 
accidentally or occasionally surmounted are, of course, 
various; and they differ in the case of different 
organisms. Birds, bats, and insects, on account of 
their powers of Might, are particularly apt to be blown 
out great distances to sea, and hence of alt animals 
are most likely Lo become the involuntary colonists of 
distant shores, Floating timber serves lo convey 
seeds and eggs of small animals over great distances ; 
and Darwin has shown that many kinds of seeds are 
able of themselves to float for more than a month in 
sea-water without losing their powers of germination, 
Tor instance, out of 87 kinds, 64 germinated after an 
immersion of 28 days, and a few survived an immersion 
of 137 days. Ag a result of all his experiments he 
concludes, that the seeds of at least len per cettt. of the 
species of plants of any country might be floated by 
sea-currents during 28 days, without losing their, 
poweis of germination; and this, at the average rate 
of flow of several Atlantic currents, would serve to 
Lransport the seeds to a distance of at least goo miles. 
Again, he proved that even seeds which are quickly 
destroyed hy contact with seaewater admit of being 
euccessfully transporled during 30 days, if they be 
contained within the crop of a dead bird. He also 
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proved that living birds are most active agents in the 
work of dissemination, and this not only by taking 
secs into their crops (where, so long as Ley remain, 
the seeds are uninjured), but likewise by carrying: seeds 
(and even young: mollusks) attached to their feet and 
feathers. In the course of these experiments he found 
that a small eup-full of mud, whieh he gathered fom 
the edges of three ponds in February, was so charged 
with seeds that when sown in the ground these few 
ounces of mud yielded ne lesa than 937 plants, belong. 
ing to many different species. Tt is theretore evident 
what opportunities are thus afforded for the Grans+ 
portation of seeds on the feet and bills of wading-birds, 
Lastly, Moating ice is well known lo act as a caurier 
of any kind of life which may prove able to survive 
this made of transits 

* Such being the nature of geographical barriers, and 
the means that organisms of various kinds may 
occasionally have of avercominy them, T will now give 
a few detailed illustrations of the argument from 
geographical distribution, as previously presented in 
its general form, 

To begin with aquatic animals. As Darwinremarks, 
“the marine inhabitants of the Eastern and Western 
shores of South Amerion are very distinct) with 
extremely few shells, crustacen, or evhinodermata In 
common.” Ayain, westward of the shores af America, 
a wide space of open‘ocean extends, which, as we 
have scen, furnishes as effectual a barrier ay does the 
land to any emigration of shallow-water animals, 
Now, as soon as this reach of deep water is passed, we 
meet in the caslern islands of the Pacific with another 
and totally distinct fauna. “So that three marine 
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faunns range northward and southward in’ parallel 
lines not far from cach other, under corresponding 
climates”; they are, however, “separated fiom cach 
other by impassable bariiers, cither of land or open 
sea”: and itis in exact coincidence with the course of 
these barriers that we find so remarkable a differen- 
tiation of the faunas’, Obviously, therefore, il is 
impossible to suggest that Uhis correlation is accidental, 
Altogether many thousands of species are involved, 
and within this comparatively limited area they are 
sharply marked off into three groups as to their 
natural affinitics, and into three groups as to thelr 
several basins, Tlence, if all these species were 
separatcly created, there is no escape from the con- 
clusion that for some reason or another the act of 
creation was governed by the presence of these 
barriers, so that specics deposited on the Masterh 
shores of South America were formed with one set of 
natural affinilics, while species deposited on the 
Western shore were formed with another set ;* and 
similarly with regard to the third set of species in the 
third basin, which, extending over a whole hemisphere 
to the const of Africa without any further barrier, 
nowhere presents, over this vasl area, any other case 
of a distinct marine fauna. But what conceivable 
reason can there have becn thus to consult these 
geographical barriers in the original creation of sysecific 

1 ‘Phe only exception fa in the case of the fish on cach side of Ue 
Tathmus of Panama, where about go per cent, of the species are tdentl- 
eal, Hut it ia possible enough that at some previous time this narrow 
Isthmus may have been even nriower than at present, if not actunily 
open, At all events, the faut that thls pritial exeeption ocunes Jiat 


where (the Innd-baiier is ao narrow, fs more suggestive of gration 
than of judependent erention, 
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typea? Feven if such a case alood alone, it would be 
strongly suggestive of error on thi part of the special 
creation theory, But let us take another ease, this 
lime from fresh-water faunas, 
Although the geographical disuibution of fresh~ 
water fish and fresh-water shells is often surprisingly 
extensive and apparently capricious, this may be 
explained by the means of dispersal being here so 
varied —not only aquatic birds, foods, and whirl- 
winds, but also geographic changes of wateresherl 
having all assisted in the process.  Mareaver, in 
some cases it is possible that the habita of more 
widely distributed fiesh-water fish may have origin 
ally been wholly or partly marine which, of course, 
would explain Uhe existings discontinuity of their ex- 
isting fresh-water distibulion. Bute be this as it 
may (and it is not a question that affects the issue 
between special creation and gradual evolution, since 
it is only a question as te how a given species has 
“been dispersed from its orinal home, whether or 
not in that home it waa specially created), the 
point I desire to bring forward is, that where we 
find a barrier to the emigration of freshwater 
forms which ix imore formidable thin a thousand 
miles of ocean -a barrier ever which neither 
water-fowl nor whirhvinds are Jikely to pass, and 
which is above the reach of any geological changes 
sdpof waler-shed—where we find such « barrier, we 
salWays find a marked difference in the fresh-water 

‘aynas on either side of i, The kind of bartier 

lo*which I allude is a high mountain-chain, Tt 

may be only a few milea wide; yet it exercises a 

greater influence on the diveralfication of specific 
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types, where fresh-water faunas are concerned, than 
almost any other. But why should this be the case 
on any intelligible theory of special creation? Why, 
in the depositing of species of newly cicated fresh- 
water fish, should the presence of an impassable 
mountain-chain have determined so uniformly a dif- 
ference of specific affinity on either side of it? The 
question, so far as I can ace, does not admit of an 
anawer from any reasonable opponent. 


Turning now from aquatic organisms to terrestrial, 
the body of facts from which to draw is so large, 
that I think the space at my disposal may be best 
utilized by confining attention Lo a single division 
of them—that, namely, which is furnished by the 
zoological study of oceanic islands. 

In the comparatively limited—but in itself extensive 
——~class of facts thus presented, we have a particularly 
fair and cogent test as between the alternative theories 
of evolution and creation. Tor where we meet with a 
volcanic island, hundreds of miles from any other land, 
and rising abruptly from an ocean of cnormous depth, 
we may be quite sure that such an island can never 
have formed part of a now submerged continent. In 
other words, we may be quite sure that it always has 
been what il now is—an oceanic peal, separated 
from all other land by hundreds of miles of sea, 


and therefore an arca supplied by nature for the 


purpose, as it were, of testing the rival theories of 
creation and evolution. For, let us ask, upon these 
tiny insular specks of land what kind of life should 
we expect to find? To this question the theories 
of special creation and of gradual evolution would 
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agree in giving the same answer up to a certain 
point. Vor both theories would agiee in: supposing 
that these islands would, at all events in haryres pitts 
derive their inhabitants from accidental or occasional 
arrivals of wind-blown or witer-floated  orauninma 
from other countrles--eapecially, of course, fram the 
countrics least remote. But, after agreeing: upon 
this point, the two theories must part company in 
their anticipations. The speciabereation theory: etn 
have no teagon to suppose thal a small valeanie 
island in the midst of a great ocean should be chosen 
as the theatre of any extiaordinary creative aetivity, 
or for any patticularly rich manufteture of peculiar 
species to be found nowhere else in the world. On 
the other hand, the evolution theory would expect 
to find that such habilats are stocked with more or 
less peculiar species, For it would expect that when 
any organisms chanced to reach a wholly isolated 
refuge of this Ikind, their descendants should forth- 
with have started upon an independent course of 
evolutionary history. Protected from futercrossings 
with any members of their parent species elsewhere, 
and exposed to considerable changes in their con- 
ditions of life, it would indeed be fatal to the 
general theary of evolution if these descendants, 
during the course of many generations, were not to 
undergo appreciable change, Il bay happened on 
two or three occasions thal Huropean rate hive been 
accidentally imported by ships upon sume of these 
islands, and even already it iy observed that their 
descendants have undergone slight change of ap- 
pearance, so as to constitute them what naturalists 
call jocal varielies. The change, of course, is but 
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alight, because the time allowed for it has been so 
shorl. But the longer the ime that a colony of a 
specics is thus completely isolated under changed 
conditions of life, the greater, according Lo the evolu- 
tion theory, should we expect the change to become, 
Therefore, in all cases where we happen to know, 
from independent evidence of a geological kind, that 
an oceanic island is of very ancient formation, the 
evolution theory would expect lo encounter a 
great wealth of peculiar species, On the other 
hand, as I have just observed, the special-creation 
theory can have no reason lo suppose that there 
should be any correlation between the age of an 
oceanic island and the number of peculiar specics 
which it may be found to contain. 

Therefore, having considered the principles of gco- 
graphical distuibution from the widest or most general 
point of view, we shall pass to the opposile extreme, 
and consider exhaustively, or in the utmost possible 
detail, the facts of such distribution where the con- 
ditions are best suited to this purpose—that is, as I 
have already said, upon oceanic islands, which may be 
metaphorically regarded as having been formed hy 
nature for the particular purpose of supplying natura« 
lists with a crucial test between the theories of 
creation and evolution. The material upon which my 
analysis is to be based will be derived from the most 
recent works upon geographical distribution —cspe- 
clally from the magnificent contributions Lo this depart- 
ment of science which we owe to the labours of Mr, 
Wallace. Indeed, all that follows may be regarded as 
a condensed filtrate of the facts which he has collected. 
Leven as thus restricted, however, our subject-matter 
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would be too extensive to be deall with on the pre= 
sent occasion, were we to allempl an exhaustive ana. 
lysis of the floras and faunas of all occanic islands 
upon the face of the globe. ‘Therefore, what T pro» 
pose Lo do is to select for auch exhaustive analysis a 
few of whal may be termed the most oceanic of 
oceanic islands -that is to say, chose eceanie islands 
which are most widely separated fom niintands, 
and which, therefore, furnish the most unquestionable 
of test cases as between the theories of specitl crea 
tion and genetic descent. 


Azores—A group of voleanic islands, ning in num. 
ber, about goo miles from the coast of Portugal, 
and surrounded by ocean depths of 1,800 ty 2,400 
fathoms, ‘There is geological evidence thit the origin 
of the group dates back at least ax far as Mioeeng 
times, There is a total absence of all terrestrial Vers 
tebrata, other than those which are known to have been 
introduced byman. T'lying animida, on the other hand, 
are abundant; namely, 53 species of birds, one species 
of bata few species of butterflies, moths, and hymenop- 
tera, with 74 species of indiyenous beetles, AIL these 
animals are unmodified Muropean species, with the 
exception of one bird and many of the beetles, Of 
the 74 indigenous species of the latter, 36 are not 
found in Europe; but ty are natives of Madeira or 
the Canaries, and 3 we Americun, doubtless trang. 
planted by driftwood, The remaining 14 species 
occur nowhere else in the world, though far the most 
part they are allied to other Muropean species. ‘There 
are 69 known species of land-shells, of which 37 are 
European, and 32 peculiar, though all allied to Huro- 
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pean forms. Lastly, there are 480 known specica of 
plants, of which go are peculiar, though allied lo 
Luropean species, 

Bermudas-—A. small volcanic group of islands, 700 
miles from North Carolina, Although there are 
about 100 islands in the group, their total aica docs 
not exceed fo square miles, The group is sunounded 
by water varying in depth from 2,500 Lo 3,8oo'falhoms. 
The only terrestrial Vertebrate (unless the rats and 
mice ate indigenous) is a lizard allied to an American 
form, but specifically distinct from il, and therefore a 
solitary species which does not occur anywhere else in 
the world, None of the birds or bats are peculiar, 
any more than in the case of the Azores; bul, as in 
that case, a large percentage of the land-shells are so 
~namely, at least one quarter of the whole, Neither 
the botany nor the entomology of this group has been 
wotked out; but T have said cnough Lo show how re« 
markably parallel are the cases of these two volcanic 
groups of islands situated in different hemispheres, but 
at about the same distance from large continents. In 
both there is an extraordinary paucity of terrestrial 
vertebrata, and of any peculiar species of bird or beast. 
On the other hand, there is in both a marvellous 
wealth of peculiar species of insects and land-shells. 
Now these correlations are all abundantly intelligible. 
It is a difficult matter for any terrestrial animal td 
cross yoo, ar even 700, miles of ocean: thercfore only 
one lizard has succceded in doing so in one of the two 
parallel cases; and, living cut off from intercrossing 
with ils parent form, the descendants of that lizard 
have become modified so as to constitute a peculiar 
specics, But it is more easy for large flying animals 
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to cross those distances of oceun : conmequently, there 
is only one instance of a peculiar speries of bined o 
bat—namely, a bull-finch in the Azores, which, beings a 
small land-bird, is not likely ever (a hive had any 
other visitors from ils original parent species coming 
over from Europe to keep up the original breed. 
Lastly, it is very much more easy for insects and 
land-mollusca to be conveyed to such iskinds by wind 
and floaling timber than itis for lerrestrial mammals, 
or even than it is for small birds and bata; but yet 
such means of transil are nol sufficiently sure Co aelmit 
of much recruiting from the mainland for the purpose 
of keeping up the specific types, Consequently, the 
insects and the Jand-shells present a avuch greater 
proportion of peculiar species namely, one half and 
one fourth of the land-shells in the one case, and 
one eighth of the beetles in the other, All these 
correlations, I say, are abundantly intellipible on the 
theory of evolution; but who shall explain, on the 
opposite theory, why orders of beetles and Jand«mol+ 
Iusca should have been chosen from among all other 
animals for such supertbundant creation on oceanic 
islands, so that in the Azores alone we find no less 
than 32 of the one and 14 of the other? And, in this 
connexion, I may again allude to the peculiar species 
of bectics in the island of Madeira, Tere there are 
an cnormous number of peculiar apeciea, thaugh they 
ate nearly all related to, or included under the same 
genera as, beetles on the neighbouring continent. 
Now, as we have previously seen, no legs than 
aco of these species have lost the use of their 
wings. I-volutionists explain this remarkable fact 
by their general laws of degeneration under disuse, 
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and the operation of natural selection, ax will be 
shown later ons but it ig not sa easy for special 
creationists to explain why this enormous number 
of peculiar species of beetles shoukl have been 
deposited on Madeira, all allied to becUes on the 
nearest continent, and nearly all deprived of the 
use of their wings, And similarly, of course, with 
all the peculiar species of the Bermudas and the 
Azores. For who will explain, on the theory 
of independent creation, why all the peentiar species, 
both of animals and plants, which accur an the Ber. 
mudas should so unmistakably present American 
affinities, while those which occu on the Azores 
no less unmistakably present urepen affinities ? 
But to proceed to other, and still more remarkable, 
cases, 

The Galapagos IstandseThis archipelago is of 
volcanic origin, situated under the eynator hebween 
yoo and doo miles from the West Coast of South 
America, The depth of the ocean areund them 
varies from 2,000 to 3,000 fathoms or more ‘This 
group is of particular interest, from the fact that 
it was the study of its fauna which first sug~ 
gested to Darwin's mind the theory of evelition. 
T will, therefore, begin hy quoting a short paasnge 
from his writings upon the veolopical relation’ of 
this particdar fauna. 

Tere almost avery product of the bad and af the water beats 
the unmistakenble stamp of the Americus continent. ‘Chere 
are twenty-six land binds; of these, twenty-one at perhaps 
twenty-three, are ranked ag diatinet species, amd weuld cont 
monly he asataned Co futve beer here created, yet (he cane 
affinity of moat of theae binds to American species is aciife at 
every character, in their hahita, gestures, anid tones of vane, 
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So it is with the other animals, and with aw hirge propertion of 
the plants, as shown by Dr, Hooker tn his aduiuhle Cler of 
this atchipelago. ‘The naturalist, Iwoking at the inbuthilants 
of these volcanic islands in dhe Pacific, distant several fiat ed 
iniles fiom the continent, feels that he is slanding an American 
land. Why should this be so? Why should the specicd which 
are supposed to have been ercated in the Gitlapagod Arc ti= 
pelago, and nowhere else, bear ao plainly the xtump of afinity 
to those cicated in Ameiva? ‘There is nothing in the cone 
ditions of Jife, in the gcological natme of dre iabinds, in their 
height or climate, or in the proportions in which (he several 
classes mie assuciated together, which closely resembles che 
conditions of the South Amenean coast; m fact, Uae is a 
considerable dissimilandy in all these respects, On the other 
hand, there is a considerable degice of csemblance in the 
volcanic nature of the soil, in the climate, heiht, and ize of 
the islands, between the Galapayos and Cape de Verde Aichi- 
pelagoes; but what an entire and absolute difference in dheir 
inhabitants! The inhabitants of the Cape de Verde Tshands 
mo related to thase of Africa, ike those of the Galapagos to 
America, Facts such ny these adinit of no sot of explanation 
on the oidinay view of independent creation; whereas on the 
view here maintained, it is obvious that the Galapagos Islands 
would be hkely to receive colonists hom Amenea, and the Cape 
de Veide Islands fiom Afiica ; such colonists would he linble to 
modificauon—the punciple of inheritance atill betaying cheb 
original biithplace ', 


The following is a synopsis of the fhuna and flora 
of this archipelago, so far as at present known, = The 
only terrestrial, vertebrates are two peculiar species 
of land-tortoise, and one extinct species ; five species 
of lizaids, all peculiar--lwo of them so much go 
as to constilute a peculiar genus ;—and two species 
of snakes, both closely allied to South Amenican 
forms, Of birds there are 57 species, of which no 
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less than 38 are peculiar; and all the non-peculiar 
species, except one, belong to aquatic tribes. The 
true land-birds are represented by 31 species, of 
which all, except one, are peculiar s while more than 
half of them go lo constitute peculiar genera, More= 
over, while they are all unquestionably allied to 
South American forms, they present a beautiful 
serics of pradations, “from perfect identity with the 
continental species, lo genera so distinct that it is 
dificult lo determine with what forms they are most 
nearly allicd ; and it is interesting to note that this 
diversity bears a distinct relation to the probabilities 
of, and facilities for, migration to the isjands, ‘The 
exceasively abundant rice-bird, which breeds in 
Canada, and swarms over the whole United States, 
migrating to the Weat Indies and South America, 
visiting the distant Bermudas almost every year, 
and extending ils range ag far as Paraguay, is the 
only species of land-bird which remains completely 
unchanged in the Galapagos; and we may therefore 
conclude that some stragglers of the migrating host 
reach the islands sufficienlly often to keep up the 
purity of the breed 4” Again, af the thirly peculiar 
land-birds, it is observable that the mare they differ 
from any other species or genera on the South 
American continent, the more certainly are they found 
to have their nearest relations among those South 
American forms which have the more reatriéted 
range, and are therefore the least likely lo have found 
their way lo the islands with any frequency, 

The insect fauna of the Galapagos islands is scanty, 
and chiefly composed of beetles. These number 45 

' Wallace, dedand 7 tfe, pp. apl- 3. 
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species, which are nearly all peculiar, and in some 
cases go to constitute peculiar genera, The same 
remarks apply to the twenty species of land-shells. 
Lastly, of the total number of flowering: plaints (332 
species) more than one half (174 species) are pecu- 
liar, It is observable in the case of these peculiar 
species of plants—as also of the peculiar species of 
birds—that many of them are restricted to. single 
islands. It is also observable that, with regard both 
to the fauna and flora, the Gralapagos Islands as a 
whole are very much richer in peculiar species than 
either the Azores or Bermudas, notwithstanding 
that both the latter are considerably more remote 
from their nearest continents. ‘This difference, which 
al first sight appears to make against the evolu- 
tionary interpretation, really lends lo confirm il 
Por the Galapagos Islands are situated in a calm 
region of the globe, unvisiled by those periodic 
storms and hurricanes which sweep over the North 
Atlantic, and which every year convey some strag- 
gling birds, insecls, seeds, &e., to the Azores and 
Bermudas. Notwithstanding their somewhat greater 
isolation geographically, therefore, the Azores and 
Bermudas are really less isolated biologically than 
are the Galapagos Islands ; and hence the less degree 
of peculiarity on the part of their endemic species. 
But, on the theory of special creation, it is impos- 
sible to understand why there should be any such 
correlation between the prevalence of gales and a 
comparative inertness of creative activity. Ad, as 
we have seen, it is equally impossible on this theory 
to understand why there should be a further corre- 
Jation between the degree of pecullarity on the part 
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of the isolated specics, and the degree in which their 
nearest allics on the mainland are there confined 
to narrow ranges, and therefore less likely) to kerys 
up any biological communication with the islands, 

St. Telena.—A small voleanic ishind, ten miles long 
by cight wide, situated in mid-ocean, 1100 miles foi 
Africa, and 1800 fram South America [tid very 
mountainous and rugged, bounded for the most part 
by precipices, rising fram ocean depths of 17 000 Teel, 
to a height above the sea-level of nearly 3,000. 
When first discovered it was richly clothed with 
forests; but these were all destroyed by human 
agency duing the 16th, 17th and s8th centuries. 
The records of civilization present no more lament- 
able instance of this kind of destruction Fram a 
merely pecuniary point of view the abolition af 
these primeval forests has proved an irrepiably 
loss; but from a scientific point of view the loss 
is incalculable, These forests served to harbour 
countless forms of life, which extended at least from 
the Miocene age, and which, having found there an 
ocean refuge, survived as the last remnants ofa remute 
geological epoch, In those days, ax Mt. Wallace 
observes, St. Helena must have formed a kind af 
natural museum or vivarium of archaic xpecies of wl 
classes, the interest of which we can now only anime 
from the few remnants of those remoanta, whieh are 
still left among the mare imiecessible portions at Use 
mountain peaks and crater edges. These remniats 
of remnants are as follows. 

There is a total absence of all indiyentms nai 
mals, reptiles, fresh-water fish, and true land-binds, 
There is, however, a species of plover. allicd ti one 
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* in South Africa; but it fg specifically distinct, and 
therefore peculiar to the iskund. ‘The insect life, an 
the other hand, is abundant, Of beedes no less chia 
Tay species are helieved to be aboriginal, snd, with 
one single exception, the whole number are peculiar 
to the island. "But in addition to this large amount 
of specific peculiarity (perhaps unequaled anywhere 
else in the world), the beetles of this daland are 
yemarkable for their generic isolation, aged for the 
altogether exceptional proportion in whieh the pret 
divisions of the order are represented. ‘The species 
belong to 39 genera, of whieh no less than a5 are 
peculiar to the island; and many of theae are such 
isolated forms that it iy impossible to find their 
allies in any particular country" More Ghar twoe 
thirds of all the species belong to the gioup of 
weevils~a circumstance which serves ta exphin the 
great wealth of beetle-population, the weevils being 
beetles which live ln wood, aad St Uelena having 
been originally a densely wooded stand. ‘This clr. 
cumstance is also in accordance with the view that 
the peculiar insect fauna hua been in large part 
evolved from ancestors which reached the island by 
means of floating limber; for, of course, no explana- 
tion can be supyreated why special ercation of thla 
highly peculiar insect fauna should have run go dis. 
proportionately into the production of weevils. About 
two-thirds of the whole number of heetles, or over 
Ho species, show no close affinity with any existing 
insects, while the remaining third have some rela- 
tions, though often very remote, with Muropean and 
African forms, That this high degree of pecullarity 
1 Wallnee, Jsdand Life, p. a7. 
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is due to high antiquity is further indicated, accord- 
ing to bur theory, by the large number of species which 


t : 
some of the types comprise, Thus, the 44 species of 


Cossonides may he referred to three types; the 71° 
species of Bembidinm form a group by themselves ; 
and the //eteromera form two groups. “Now, each 
of these Lypes may well be descended from a single 
species, which originally reached the island from 
some other land; and the great varicty of generic 
and specific forms into which some of them have 
diverged ig an indication, and to some extent a 
measure, of the remoteness of their origin 3.” But, 
on the counter-supposition that all these 128 pecu- 
liar specics were separately created to occupy this 
particular island, it is surely unaccountable that they 
should thus present such an arborescence of natural 
affinitics amongst themselves, 

Passing over the rest of the insect fauna, which has 
not yet been sufficiently worked oul, we next find that 
there are only 20 specics of indigenous land-shells— 
which is not surprising when we remember by what 
enormous reaches of occan the island is surrounded, 
Of these 20 species no less than 13 have become 
extinct, three are allied to Muropean species, while 
the rest are so highly peculiar as to have no 
near allies in any other part of the globe, So that 
the land-shells tell exactly the same story as the 
insects. 

Lastly, the plants likewise tell the same story, 
The truly indigenous flowering plants are about 50 
in number, besides 26 ferns, Jorly of the former 
and ten of tha latter are peculiar to the island, 

1 Wallace, Zsland Life, p. 287. 
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and, ag Sir Joseph Hooker tells ay “cannot be re 
warded as very cloge specific allies of any other plants 
atall” Seventeen of them belong to peculiie penera, 
and the others all differ so markedly its species from 
their congeners, that nel one comes vader Che cate 
gory of being an insular form ofa continental species, 
So that with respect to its plants no less than with 
respecl lo its animila, we find that the island of 
St. elena constitutes a littl: world of unique species, 
allied among themselves, but diverging: so mach Cran 
all other known forms that in many eases they cone 
stitute unique genera. 

Sandwich Islands, “Vhese aie an extensive proup 
of islands, larger than any we have hitherto cone 
sidered-+ the largest of the group being about the size 
of Devonshire, ‘The entire avehipeliyre is voluanic, 
with mountains rising to a height of nearly 14,000 
feet. ‘The group is situated in the middle of the North 
racific, at a distance of considerably aver 2odo miles 
trom any other land, and: surrounded hy enormous 
acean depths, ‘Che only terrestrial verlebriia ave 
two lizards, one of which constitutes a pecuiay 
genus, There are aq aquatic birds, five of whieh are 
peculiar; four birds of prey, two of whieh are peeus, 
liars and U6 lind-hirds, all of whieh are peculiar 
Moreover, these 16 dand=birts constittde ne leas 
(han to peculiar gener, and even one peculiar 
family of five penera ‘This ig an amount of 
peculiarity fir exceeding that of any other islands, 
and, of course, corresponds with the great isolation of 
this archipelago, ‘The only other animals which have 
here been carefully studied are the land-shells, and 
these tell the sume story as the birds. Jor there are 
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no legs than goo species which are all, without any 
exceplion, peculiar; while about three-quarters of 
them po to constitute peculiar genera. Again, of the 
plants, 620 species are believed to be endemic ; and 
of these 377 are peculiar, yielding no less than 39 
peculiar genera, 

Projudice apart, T think we must all now agree that 
it is needless to continue further this line of proof I 
have chosen the smallest and most isolated islands 
for the purposes of our present argument, first 
because these furnish the most crucial kind of 
lest, and next because they best admit of being dealt 
with in a short space, But, if necessary, a vast 
amount of additional material could be furnished, 
not only from other small oceanic islands, but still 
more from the largest islands of the world, such as 
Australia and New Zealand, However, after the 
detailed inventories which have now been given 
in the case of some of the smaller islands most 
remote from mainlands, we may well be prepared to 
accept it as a general law, that aeAerever there is 
evidence of land-arcas having been for a long time 
goparated from other land-areas, there we meet with 
a more or less extraordinary profusion of unique 
specics, often running up into unique genera, And, 
in point of fact, so far as naturalists have hitherto 
been able to ascertain, tere is no exception to this 
general law in any region af the globe. Moreover, 
there is everywhere a conatant correlation belween 
the degree of this peculiarity on the part of the fauna 
and flora, and the “we during which they have been 
isolated. ‘Thus, for instance, among the islands which 
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T have called into evidence, those that are al once 
the most isolated and yrive independent proafs of the 
highest antiquity, are the Galupayos Islands, the Sand~ 
wich Islands, and St. Helena. Now, if we apply the 
method of tabular analysis to these three cases, we 
obtain the following most astonishing resulls, For 
the sake of simplicity: I will omit the enumerition of 
peculiar genera, and confine altention to peculiar 
species. Morcover, I will consider only terrestrial 
animals; for, as we have already seen, aqittic animals 
are so much more likely to reach oceanic islinds that 
they do not furnish nearly so fair a test of the evolu. 
tionary hypothesis, 


PECULIAR SPECIES, 














l Solls, | Tusects, | Beptiles, | Hinds | aM mmatt.| 
Sandwich . | 400 ' 4 th o 
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From this synopsis we perceive that out of a total 


of 658 specics of terrestrial animals known 


to inhabit 
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these three occanic territories, ad are peculiar, with 
the exception of a single land-bird which is found in 
the Galapagos Islands, This is the rice-bird, so very 
abundant on the American continent that its repre~ 
sentatives must not unfrequently become the invo- 
luntary colonists of the Archipelago, There are, 
however, a few species of non-peculiar insects in- 
habiting the Sandwich and Galapagos Islands, the 
exact number of which is doubtful, and on this 
account are not here quoted, Rut at most they 
would be representeél by units, and therefore do not 
affect the general result, Lastly, the remarkable 
fact will be noted, that there is no single represen- 
tative of the mammalian class in any of thése islands. 

If we turn next to consider the case of plants, we 
obtain the following result : 


Leauliar — Nonepeculiar 


sApectes, Species. 
Sandwich . 6 4 6 ee ee 89% a3 
Galnpngos we ee ID 158 
St Melon. 2. ww ee gO ao 
Tolne 6. 6 6 eee ee GO a7 


So that by adding together peculiar species both 
of land-animals and plants, we find that on these 
three limited areas alone there are 1258 forms of life 
which occur nowhere else upen the globe—not to 
speak of the peculiar aquatic species, ner of the 
presumably large number of peculiar species of all 
kinds nol hitherto discovered in these imperfectly 
explored regions, 

Now let us compare these facts with thase which 
are presented by the faunas and floras of islands less 
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remote from continents, and known from independent 
geological evidence ta be of comparatively recent 
origin—that is, to have been separated from. their 
adjacent mainiands in comparatively recent times, 
and therefore as islands to be comparatively young, 
The British Isles furnish as good an inslanee as could 
be chosen, for they together comprise ever tooo 
islands of various sizes, which are nowhere separated 
from one another by deep seas, and in the epinion of 
geologists were all continuous with the Iuropean 
conlinent since the glacial period. 


BRITISUL ISLS, 


. 
NON-PRCULIAR SEECIES, 


Reptiles 
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Total Peculiny Animaly 5 6... + IBY 
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T have drawn up this table in the most liberal 
manner possible, including as peculiar spectes forms 
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which many naturalists regard as merely loval varie- 
tics, But, even as thus interpreted, how wonderful is 
the contrast between the Looo islands of Great Britain 
and the single voleanie rock of St. Ielena, where 
almost all the animals and about half the plants are 
peculiar, instead of about gly of the animals, and yh of 
the plants. Of course, if no peculiar species of any 
kind had occurred in the British Isles, advecates of 
speclal creation might have argued that it was, so ta 
speak, necdless for the Divinity to have ackded any 
new species lo those Kuropean forms which fully 
populated the islands at the time when they were 
seprrated from the continent. But as the mater 
stands, advocates of special creation must face the 
fact thal a certain small number of new and peculiar 
species have been formed on the British Isles; ancl, 
therefore, that creative activity has not been wholly 
suspended in their case. Why, then, has it been so 
meagre in this case of a thousind islands, when it has 
proved so profuse in the case of all single islinds 
more remote from mainlands, and presenting a higher 
antiquity? Or why should the Divinity have thus 
appeared so uniformly lo consult these merely acci- 
dental circumstances of apace and time in the de- 
positing of his unique specific types? Da not such 
facts rather speak with irresistible force in favour of the 
view, Uhal while all ancient and solitary: islinds have 
had time cnough, and separation enough, to admit of 
distinct histories of evolution having: been written in 
their living inhabitants, no one of the thousand ishinds 
of Great Britain has had either time enough, or separa~ 
tion enough, to have admitted of more than sume of the 
first pages of such a history having been commenced ? 
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Bul this allusion to Great Brilain introduces us to 
another point. Tt will have been observed that, 
unlike oceanic islands remote from maintinds, Great 
Britain is well furnished both with reptiles (inelucting: 
amphibla) and mammals, lor there is ne instines of 
any oceanic ishund situated at mere than joo miles 
from a continent where any single species of the 
whole class of mammals is to be found, excepting 
species of the only order which is able to fly namely, 
the baits, And the sume has to be said of frogs, toads, 
and newts, whose spawn is quickly killed by contact 
with sea-water, and therefore could never have reacheel 
remote islands in a living state. Hence, on evolu« 
tionary principles, it is quite intelligible why oceanic 
islands should nol present any species of mammals or 
batrachians—peculiar or otherwise, save such species 
of mammals as are able to fly. But on the theory 
of special creation we can assign no reason why, 
notwithstanding the extraordinary profusion of unique 
types of other kinds which we have seen to occur on 
oceanic islands, the Deity should have made this 
curious exception to the detriment of all frogs, toda, 
newts, and mammals, save only such as are able to fly. 
Or, if any one should go so far to save a desperate 
hypothesis as to maintain that there must have bean 
some hidden reason why batrachiang and quadrupeds 
were not apccially crated on acetic islands, I may 
mention another small —but in this relation a most 
significant—fact. ‘This is that on some of these 
islands thore oceur certain peculiar species of plants, 
the seeds .of which are provided with numerous tiny 
hooks, obviously and beautifully adapted—like those 
on the seeds of allied plants clsewhere--to caich the 


= 
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wool or hair of moving quadrupeds, and so to further 
their own dissemination, But, aa we have just geen, 
ihere are no quadrupeds in the islands to meat 
these beautiful adaptations on the part of the plants 5 
90 thai special creationisis must resort to the almost 
impious supposition that in these cases the Deity has 
only carried out half his plan, in that while he made 
an elaborate provision for these uniquely created 
species of plants, which depended for ils efficiency on 
the presence of quadrupeds, he nevertheless neglected 
to place any quadrupeds on the islands where he had 
placed the plants, Such one-sided attempts at adap- 
tation surely resolve the thesis of special creation to a 
reduetio ad absurd y and hence the only reasonable 
interpretation of them is, that while the seeds of allied 
or ancestral plants were able to float to the islands, no 
quadrupeds were ever able over so great a distance Lo 
swim, 


Although much more evidence might still be given 
under the head of geographical distribution, I must 
now close with a brief summary of the main points 
that have been adduced, 

After certain preliminary considerations, I began 
by noticing that the theory of evolution has a much 
more intellighble account to give than has its rival of 
the facts of discontinuous distribution—the Alpine 
flora, for inslance, being allled to the Arctic, not 
because the same species were separately created in 
both places, but because during the glacial period 
these species extended all over Murope, and were 
feft behind on the Alps as the Arctic flora receded 
northwards which wag sufficiently long aga to cx- 

# R 
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plain why some of the Alpine species are unique, 
though closcly allied to Arctic forms. 

Next we saw that, although living things are always 
adapted to the climates under which they lve (since 
otherwise they could not live there at all), it is equally 
true that, as a rule, besides the area on which they da 
live, there are many other areas in different parts of 
the globe where they might have lived equally well. 
Consequently we must conclude that, if all species 
were separatcly created, many species were severally 
created on only one among a number of areas where 
they might equally well have thrived, Now, although 
this conclusion in itself may not seem opposed to the 
theory of special creation, a most serious difficulty is 
raised when it is taken in connexion with another fact 
of an equally general kind. This is, that on every 
biological region we encounter chains of allicd species 
constituting allied genera, familics, and so on; while 
we scargcly ever meet with allied species in different 
biological regions, notwithstanding that their climates 
may be similar, and, consequently, just. as well suited 

$to maintain some of the allicd species, [lence we 
mugt further conclude, if all species were separately 
created, thal in the work of creation some unacs 
countable regard wag paid to making areas of dis. 
ibution correspond to degrees of structural affinity. 
A. great many species of the rat genus were created 
in the Old World, and a great many gpecica of 
another, though allied, genus were created in the 
New World: yet no rengon can be assigned why no 
ane specics of the Old World serics should not just 
as well have been deposited in the New World, and 
vice versa, On the other,hand, the theary of evolution 
7 4 
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may claim as direct evidence in its support all the 
innumerable cases such as these-—cases, indeail, so 
innumerable that, as Mr, Wallace remarks, it may 
be taken ag a law of nature that ‘every species has 
come into existence coincident both in space and 
dime with a pre-existing and closely allied species.” 
A. general law which, while in itself most strongly 
suggestive of evolution, is surely impossible to 
reconcile with any reasonable theory of special 
creation. Furthermore, this law extends backwards 
through all geological time, with the result that the 
extinct specics, which now occur only as fossils on 
any given geological area, resemble the species still 
living upon that area, as we should expect that they 
must, if the former were the natural progenitors of 
the laticr, On the other hand, if they were not the 
natural progenitors, but all the species, both living 
and extinct, were the supernatural and therefore in- 
dependent creations which the rival theory would 
suppose, then no reason can he given why the extinct 
species should thus resemble the living—any more |« 
than why the living species should resamble one * 
another, Jor, as we have seen, there are alfhost 
always many othor habitats on other parts of the 
globe, where any members of any given group of 
species might equally well have been deposited’ 
and this,,of course, applics lo geological no Jess than 
to histor! foal time. Yet throughout all time we meet 
with this most suggestive correlation between con- 
linulty of a geographical area and structural affinity 
between the forms of life which have lived, or are still 
living, upon that area. b 

Similarly, we find the further, and no less suggestive, 

Ra 


244 Darwin, and after Darwin, 


correlation between the birth of new species and the 
immediate pre-cxistence of closely allied species on 
the same area—or, at mool, on closely contipuous areas, 
, Where a continuous area has long been circum- 
seribed by barriers of any kind, which prevent the 
animals from wandering beyond it, then we find that 
all the species, both extinct and living, constitute 
more or less a world of their own; while, on the 
other hand, where the animals are free to migrate 
from one aica to another, the course of their migra~ 
tions is marked by the origination of new species 
springing up ex renfe, and seiving to connect the 
older, or metropolitan, forms with the younger, ar 
colonising, forms in the way of a graduated series, 
This principle, however, admits of being traced only 
in cerlain cases of species belonging lo the same 
genus, of genera belonging to the same family, or, 
at most, of families belonging’ to the same order, 
In other words, the more general the structural 
affinity, the more general is the geographical ex- 
tension—as we should expect to be the case on the 
theory of descent with branching modifications, seeing 
that the larger, the older, and the more diverse the 
group of organisms compared, the greater must be 
their chances of dispersal, 

These general considerations Jed us to contemplate 
more in detail the correlation between structural 
affinity and barriers lo free migration, Such barriers, 
of course, cliffer in the cases of different organisms, 
Marine organisms are stopped by land, unsuitable 
temperature, or unsuitable depths; fresh-water or« 
ganisms by sca and by mountain-chains; lerrestrial 
organisms chiefly hy water. Now it is a matter of 
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fact which adinits of no dispute, that in cach of these 
cases we meet with a direct correlation between the 
kind of barrier and the kind of organisms whose 
structural affinities are affected thereby, Where we 
have to do with marine organisms, barriers such as 
the Isthmus of Panama and the varying depth of the 
Westein Pacific determine three very diatinet faunas, 
ranging north and south in closely parallel lines, and 
under corresponding climates, Where we have to do 
with fresh-water organisms, we find that a mountain- 
chain only a few miles wide has more influence in 
determining differences of organic type on cither side 
of it than is exercised by even thousands of miles of 
a continuous land-area, if this be uninterrupted by 
any mountains high cnough to prevent water-fowl, 
whirlwinds, &c, from dispersing the ova. Again, 
where we have to do with terrestrial organisms, the 
most effectual barriers are wide reaches of accan; 
and, accordingly, we find that these exercise an 
cnormous influence on the modification of terrestrial 
types. Moreover, we find that the more terrestrial 
an organism, or the greater the difficulty it has in 
traversing a wide reach of ocean, the gveater in the 
modifying influence of such a barrier upon that type. 
In oceanic islands, for example, many of the plants 
and aquatic birds usually belong to the same species 
“as those which occur on the nearest mainlands, and 
where there are any specific differences, these but 
rarely run up to generic differences, But the land- 
birds, insects, and reptiles which are found on such 
islands are nearly always specifically, and very often 
generically, distinet from those on the nearest mains 
land—although invariably allied with sufficient close- 
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ness to leave no manner of doubt as to their affinities 
with the fauna of that mainland. Lastly, no am. 
phibians and no mammals (except bats) are ever 
found on any oceanic islinds. Yet, as we have seen, 
on the theory of special creation, these islands must 
all be taken to have been the theatres of the most 
extraordinary creative activily, so that on only three 
of them we found no Jess than 1258 unique species, 
whereof 657 were unique species of Innd animals, to 
be set against one single species known to occur else. 
where, Nevertheless, notwithstanding this prodigious 
expenditure of creative cnerpy in the case of land« 
birds, land-shells, insects, and reptiles, no single new 
amphibian, or no single new miaummal, has been 
ercated on any single oceanic island, if we except 
the only kind of mammal that ix able to fly, and 
the ancestors of which, like those of the land-hirds 
and insects, might therefore have reached the islands 
ages ago. Moreover, wilh regard to mammals, 
even in cases where allied forms oceur on either 
side of a sea-channel, it is found to be a general rule 
that if the channel is shallow, the species on either 
side of it are much more closely related than if it be 
deep—and this Irrespective of ils width. ‘Therefore 
we can only conclude, in the words of Darwin-— Ag 
the amount of modification which animals of all kind 
undergo partly depends on lapse of time, and aa the 
islands which are separated from each other or from 
the mainland by shallow channels are more likely to 
have been continuously united within a recent period 
than islanda separated by deeper channela,,we can 
understand how it ig that a relation exists between - 
the depth of the sea separating two mammalian 


Geographical Distribution, 247 


faunas, and the degree of their affinity—~a relation 
which is quite inexplicable on the theory of inde+ 
pendent acts of creation.” 


Looking to all these general principles of geo- 
graphical distribution, and remembering the sundry 
points of smaller detail relating to oceanic iskands 
which I will not wait to recapitulate, to my mind it 
seems that there is no escape from the following 
conclusion, with which I will bring my brief epitome 
of the evidence to a close, The conclusion to which, 
I submit, all the evidence leads ig, that if the doctrine 
of special creation is taken to be truc, then it must 
be further taken that the one and only principle 
which has been consistently followed in the geo- 
graphical deposition of species, is that of so de- 
positing them as to make it everywhere appear that 
they were not thus deposited at all, but came into 
existence where they now occur by way of genetic 
descent with perpetual migration and correlative 
modification, On no other principle, so far aa T 
can sce, would it be possible to account for the fact 
that “every species has come into existence coincident 
both in-space and time with a pre-existing and closely 
allied species,” together with the carefully graduated 
yegard to physical barriers which the Creator must 

Aine displayed while depositing his newly formed 
species on either sides of them—everywhere making 
degrees of structural affinity correspond to degrees of 
geographical continuity, and degrees of structural differ. 
ence correspond to degrees of geographical separation, 
whether by mountain-chains in the case of fresh-water 
faunas, by land and by deep sca in the case of marine 
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faunas, or by reaches of ocean in the case of terrestrial 
faunas--stocking oceanic islands with an enormous 
profusion of peculiar species all allicd to those on the 
nearest mainlands,yet everywhere avoiding the creation 
upon them of any amphibian or mammal, except un 
occasional bat. We aie familiar with the doctrine 
that God is a God who hideth himself; here, however, 
it scems to me, we should have but a thinly-veiled 
insinuation, not merely that in his works he jg 
hidden, but that in these works he is untrue, ‘Than 
which I cannot conceive a stronger condemnation of 
the theory which it has been my object fairly lo. 
represent and dispassionately to criticise, “ae 
‘ 
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CHAPTER VII. 
Tim Trtory oF NATURAL SELECTION. 


Tuvus far we have been considerlng the main 
evidences of organic evolution considered as a fact. 
We now enter a new field, namely, the evidences 
which thus far have been brought to light touching 
the causes of organic evolution considered as a pro- 
cess, 

As was pointed out in the opening chapter, this {s 
obviously the methodical course to follow: we must 
‘utve gome reasonable assurance that a fact is a fact 
before we endeavour to explain it, Nevertheless, it 
ig Not necessary that we should actually demonstrate 
yfact to be a fact before we endeavour to explain it. 
[ven if we have but a reasonable presumption as t 
4s probability, we may find it well worth while to con 
sider its explanation; for by so doing we may obtain 
additional evidence of the fact itself. And this because, 
fit really is a fact, and if we hit upon the right 
rxplanation of it, by proving the explanation probable, 
ve may thereby greatly increase our evidence of the fact. 
‘n the very case before us, for example, the evidence 
of evolution as a fact has from the first been largely 
lerived from testing Darwin's theory concerning its 
nethod. It was this theoretical explanation of its 
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method which first set him seriously to enquire into 
the evidences of evolution an a faet; and ever since he 
published his results, the evidences which he adduced 
in favour of natural selection as a method have con. 
slituted some of the strongest reasons which scientific 
men have felt for pecepting evolution asa fact. OF 
course the evidence in favour of this fact has gone on 
steadily growing, quite independently of the assistance 
which was thus so largely lent to ib by the distinct. 
ively Darwinian theory of ils method; and, indecil, so 
much has this been the case, that in the present treatise 
we have been able to consider snch direct evidence of 
the fact itself without any reference al all to the indirect 
or accessory evidence which is derived from that of 
natural selection as 2 method, From which it follows 
that in most of what Iam about to say in subsequent 
chapters on the evidences of natural selection as a 
method, there will be furnished a large addition to the 
evidences which have already been detailed of evolution 
as a fact. But,as a matter of systematic trealment, T 
have thought it desirable lo keep these two branches of 
our subject separate. Which means that T have made 
the evidences of evolution as a fact to stand indepen- 
denily on their own feet --feet which in my opinion are 
amply strong enough to bear any welght of adverse 
criticism that can be placed upon them, 

Our position, then, is this, On the foundation of 
the previous chapters, T will henceforth assume that 
we all accept organic evolution as a fnet, without 
requiring any of the accessory evidence which is gained 
by independent proof of natural selection as a methodl, 
But in making this assumption-—namely, that we are 
all now firmly persuaded of the fact of evolution—I do 
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not imagine that auch ig really the case. T make the 
assumption for the purposes of systematic exposition, 
and in order that different parts of the subject may he 
kept distinct. T confess it docs appear to me remark 
able that there should still be a doubt inany educated 
mind touching the general fact of evolution ; whille: it 
becomes to me unaccountable that such should he 
the case with a few still living, men of scienes, who * 
cannot be accused of being ignorant of the evidences 
which have now been accumulated. But in whatever 
measure we may severally have been convinced ~ar re- 
mained unconvinced—on this matter, for the purposes 
of exposition I must hereafter assume that we are all 
agreed to the extent of regarding the process of 
evolution as, at least, sufficiently probable lo justify 
enquiry touching ils causes on supposition of its 
truth, 

Now, the causes of evolution have been set forth in 
a variety of different hypotheses, only the chief of 
which need be mentioned here. Historically speaking 
the first of these was that which was put forward by 
Erasmus Darwin, Lamarck, and Herbert Spencer. 
Tt cofsists in putling together the following facts 
and inferences. 

We know that, in the lifetime of the individual, 
increased usc of alructures leads {o an inerenge 
of their functional efficiency; while, on the other 
hand, disuse leads lo atrophy. ‘The arms of a black- 
smith, and the legs of a mountaineer, are familiar 
illustrations of the first principle: our hospital wards 
ave full of illustrations of the second, Again, we know 
that the characters of parents are transmitted to their 
progeny by means of heredity. Now the hypothesis 
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+ 
in question consists in supposing, that if any particular 
organs in a species are habitually used for performing 


* “any particular action, they must undergo a structural 


ry 


+ 


improvement which would more and more adapt them 
“to the performance of that action; for in cach gene- 
ration constant use would better and better adapt the 
structures to the discharge of their functions, and they 
would then be bequeathed to the next generation in 
this their improved form by heredity. So that, for in. 
stance, if there had been a thousand generations of 
blacksmiths, we might expect the sons of the last of 
them to inherit unusually strong arms, even if these 
young men had themselves taken to some other trade 
not requiring any special use of their arms, Similarly, 
if there had been a thousand generations of men 
who used their aims but slightly, we should expect 
their descendants to show but a puny development of 
the upper exlremitics. Now let us apply all this to the 
animal kingdom in general, The giraffe, for instance, . 
is a ruminant whose entire frame has been adapted to 
suppoit an enormously long neck, which is of use to 
the animal in reaching the foliage of trees, The an. 
cestors of the giraffe, having had ordinary necks, were 
supposed by Lamarck to have gradually increased the 
length of them, through many successive generations, 
by constantly stretching to reach high foliage ; and he 
further supposed that, when the neck became go long 
as to require for its support special changes in the 
general form of the animal as a whole, these special 
changes would have brought about the dwindling of 
other parts from which so much activity was no longer 
required—the general result being that the whole or- 
ganization of the animal became more and more 
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adapted to browsing on high folinge, And so In the 
cases of other animals, Lamarck believed that ihe 
adaptation of their forms to their habits could be ex- 
plained by this simple hypothesis that the habits 
created the forms, through the effects of use and dis. 
use, coupled with heredity. 

Such is what is ordinarily known as Linarck's 
theory of evolution. We may as well remember, 
however, that it really constitutes only one part of his 
theory ; for besides this hypothesis of the cumulative 
inheritance of functionally-produced modifications — to 
which we may add the inherited effecta of any direct 
action exercised by surrounding conditions of life 
Lamarck believed in some transcendental principle 
tending 19 produce gradual improvement in prede= 
termined lines of advance. ‘Wherefore it would really 
be more correct to designate the former hypothesis by 
the name cither of rasmus Darwin, or, still better, of 
Herbert Spencer, Nevertheless, in order lo avoid cons 
fusion, I will follow established custom, and subse. 
quently speak of this hypothesis as the Lamarekian 
hypothesis—understanding, however, that in employ- 
ing this designation I am not referring to any part 
or factor of Lamarck’s general theory of evolution 
other than the one which has just been described— 
namely, the hypothesis of the cumulative transmission 
of functionally-produced, or otherwise “acquired,” 
modifications, 

This, then, was the earliest hypothesis touching the 
causes of organic evolution. But we may at once 
perceive that it is insufficicnt 10 explain all that stands 
to be explained, In the first place, it refers in chief 
part only to the higher animals, which are actuated to 


256 Darwin, and after Darwin, 


1 
effort by intelligence. Its explanatory power in the 
case of most invertcbrata ~as wellas in that of all plants 
—is extremely limited, inasmuch as these organisms 
can never be moved to a greater or less use of their 
several pais by any discriminating volition, such as 
that which leads to the continued straining of a 
giraffe's neck for the purpose of reaching foliage., In 
the second place, even among the higher animals there 
are numberless tissues and organs which unquag- 
, tionably present a high degree of adaptive evolution, 
abut which nevertheless cannot be supposed to have 
, fallen*within the influence of Lamarckian principles, 
, OF such are the shells of crustacea, tortoises, &c., 
, aWhich although undoubtedly of great use to the 
%, animals presenting them, cannot ever have been’ esed 
» in the sense required by Lamarck’s hypothesis, ie, 
-actively exercised, so as to increase a Now of nutrition 
to the part. - Lastly, in the third place, the validity of 
Lamarck’s hypothesis in any case whataoever has of 
late years become a matter of serlous question} as will 
be fully shown and discussed in the next volume. 
Meanwhile it is enough to observe that, on account of 
all these reagons, the theory of Lamarck, even if it be 
supposed to present any truth at all, is clearly: in- 
sufficient as a full or complete theory of organic 
evolution. 


In historical order the next theory that was arrived 
at was the theory of natural sclection, slmultancously 
published by Darwin and Wallace on July ist, 1858, 

If we may estimate the importance of an idea by 
the change of thought which il offects, this idea of 
natural selection is unquestionably the most important 
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idea that has ever been conceived by the mind of man. 
Vet the wonder ia that it should not have been 
hit upon long before. Or rather, T should say, the 
wonder is that its immense and immeasurable impor- 
tance should not have been jnreviously recognised. 
For, since the publication of this idea by Darwin and 
Wallace, it has been found that ita main features had 
already occurred to at Ieast two other minds—nancly, 
Dr. Wells in 1813, and Me. Patrick Matthew in 1831, 
But neither of these wiilers perceived that in the few 
scattered sentences which they had written upon the* 
subject they had struck the key-note of oranic nature, * 
and resolved one of the principal chords of the universe. 
Still more remarkable is the fact that Mr. Herbert uy 
Spencer—notwithstaading his great powers of abstract. 
thought and his great devotion of those powers lo the 
theory of evolution, when as yet this theory was scorned + 
by science— still more remarkable, I say, is the fact that 
Mr, Neibert Spencer should have missed what now 
appears so obvious an idea, But most remarkable of 
all is the fact that Dr. Whewell, with all his stores of 
information on the history of the inductive sciences, 
and with all his acumen on the matter of scientific 
method, should not only have conceived the idea of 
natural selection, but cxpressly stated it as a logically 
possible explanation of the origin of species, and yet 
have so stated it merely for the purpose of dismissing 
it with contempt’, ‘This, I think, is most remarkable, 
because it serves to prove how very far men’s minds at 
that time must have been from entertaining, as in any 
way antecedently probable, the doctrine of trans 
mutation, In order to show this I will here quote one 
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passage from the writings of Whewell, and another 
from a distinguished Mrench naturalist referred to by 
him. : 

In 1846 Whewell wrote: - 

Not only is the dactiino of the transmutation of species in 
iself disproved by the best physiological reasonings, but the 
additional assumptions whieh are requisite ta enable its ad- 
vacates to apply fe ta the esphination of the geological and 
pther phenomena of the enth, me altogether gratuitous and 
fantastical ', 

Then he quotes with approval the following 
opinion —~ 

Against this hypothesis, which, up tothe present tine, Lregaid 
as prrely gratuitous, and likely to tan peologista out of the 
sound and excellent road in which they now are, I willingly raise 
my voice, with the most absolute conviction of being in the 
tight 4, 

And, after displaying the proof rendered by Lyell 
of uniformitarianism in geology, and cordially sub- 
scribing thereto, Whewell adds:— + 


We hre Jed by our icnsonings to this view, that the present 
order of things was commenced by an act of creative power 
entirely different to any agency which has been exerted sine, 
None of the influences which have madified the present races of" 
animals and plants since they were placed in choir habitations on 
the carth’s surface can have had any wMeuey in producing them 
at first, We me necessarily driven to assume, as the beginning 
of the present eycle of organic nature, an event not included in 
the course of nate’, 


So much, then, for the state of the most enlightened 
and representative opinions on the question of evolution 


1 Whewoll, Zudications of ihe Creator, ani od,, 1846, 
? De Bintuville, Compre Kendn, 1494. 
® Whowell, #7) p. 162, 
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before the publication of Darwin's work ; and so much, 
likewise, for the only reasonable suggestions av Lo 
the causes of evolution which up to that time bad 
been put forward, even by those few individuals whe 
entertained any belief in evolution as a fuck It 
was the theory of natural selection that changed all 
this, and created a revolution in the thought of our 
time, the magnitude of which in many ofits far-reaching 
consequences we are not even yel in a position to 
appreciate; but the action of which has already 
wrought a transformation in general philosophy, as 
well as in the more special science of biology, that 
is without a parallel in the history of mankind 


Although “every one is now more or less well 
acquainted with the theory of natural selection, it is 
necessary, for the sake of completeness, that I should 
slate the theory; and I will do so in full detail. 

Tt is a matter of observable fact that all planta and 
animals are perpetually engaged in what Darwin calla 
a “struggle for existence.’ Thal is to say, in every 
generation of every species a great many more in« 
dividuals are born than can possibly survives; so that 
there is in consequence a perpetual battle for life going 
on among all the constituent individuals of any given 
generation, Now, in this struggle for existence, which 
individuals will be victorious and live? Assuredly 
those which are best filted to liva, t in whatever reapect, 
or respects, their superiority of fitness may consist, 
Hence it follows that Nature, so to speals, sedeces the 
best individuals out of cach generation to live, And not 
only so; but as these favoured individuals transmit 
their favourable qualities to their offspring, according to 

84 
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the fixed laws of heredity, it further follows that the 
individuals composing cach successive peneradion have 
a general tendency to he better suited to their sure 
youndings than were their forefathers, fAnd this 
follows, not merely because in every generation it Is 
only the * flower of the flock” that is allowed to breed, \ 
but also because, if in any generation some new and | 
beneficial qualities happen to arise as slight variations 
from the ancestral type, they will (other things pers; 
mitting) be seized upon by natural selection, and, being | 
transmitted hy heredity to subsequent generations, will 
be added to the previously existing type. Thus the 
best idea of the whole process will be gained by come ! 
paring it with the closely analogous process whereby 
gardeners, fanciers, and catlle-breeders create their | 
wonderful productions; for just as these men, by , 
always “selecting” their best individuals to breed ! 
from, slowly but continuously improve thelr stock, so 
Nature, by a similar process of “selection,” slowly hut} 
continuously makes the various species of plints and 
animals better and better suited to the conditions of 
thelr life.) 

Now, if this process of continuously adapting: or 
ganisms to their environment takes place in nature 
at all, there is no reason why we should set any limits 
on the extent to which it is able to go, up to the 
point at which a complete and perfect adaptation is 
achieved. Therefore we might suppose Lhat all species 
would eventually reach this condition of perfeel 
harmony with their environment, and then remain 
fixed. And go, according to the theory, they would 
if the environment were itself unchanging. But fore 


» agmuch as the environment (ic. the sum total of the 
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external conditions of life) of almost every organic 
lype alters more or Jess from century to century-— 
whether from astronomical, geological, and geographi- 
cal changes, or from the immigrations and emigrations 
of other species living on contiguous are, and 90 
Jor follows that the process of natural selection 
need never reach a terminal phase, And foresmuch 
“as natural selection may thus continue, ad infinitum, 
tslowly to alter a specific type in adaptation to a 
gradually changing environment, if in any case the 
alteration thus effected is sufficient in amount to lead 
naturalists to name the result as a distinet species, 
it follows that natural selection has transmuted one 
specific type intoanother. Similarly, by a continuation 
of the process, speqific types would become transmuted 
. Into generic, generic into family types, and soon, ‘Thus 
the process is supposed to go on throughout all the 
countless forms of life continuously and simultaneously 
»—the world of organic types being thus regarded ag 
in a state of perpetual, though gradual, flux. 


Now, the first thing we have to notice about this 
theory is, that in all {ls main clements it is merely 
a statement of observable facts, It is an observable 
fact that in all species of plantg and animals a very 
much larger number of individuals are bern than can 
possibly survive, Thus, for example, it has been 
calculated that if the progeny of a single pair of 
clephants—which are the slowest breeding of animals 
were all allowed to reach maturity and propagate, 
in 750+ycars there would be living 19,000,000 de- 
scendants, Again, in the case of vegetables, if a 
specics of annual plant produces only two seeds a 


~~ 
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year, if these in successive years were all allowed 
lo reproduce their kind, in Uwenty years there would 
be 11,000,000 plants from a single ancestor. Yet we 
know that nearly all animals and plants produce 
many more young at a time than in gither of these 
two supposed cases. Indeed, as individuals of many 
kinds of plants, and not a few kinds of animals, pros 
duce every year several Lhousand young, we may mike 
a rough estimate and say, that over organic nature as a 
whole pi probably 1 not one in a thousand young are aly 
lowed to survive to the age of reproduction, How 
tremendous, therefore, must be the str uggle for exis. 
tence! It is thought a terrible thing in battle when 
one half the whole number of combatants perish. But 
what are we to think of a battle for life where only 
one in a thousand survives ? 

This, then, is the first fact. The second is the fact 
so long ago recognised, that the battle is to the strong, 
the race to the swift, ‘The thousandth individual 
which does survive in the battle for existence---which 
does win the race for life—is, without question, one 
of the individuals best fitted to do so; thal is to say, 
best fitted to the conditions of its existence considered 
as awhole, Nature is, therefore, always picking oul, 
or selecting, such individuals to live and to breed, 

The third fact ig, that the individuals £9 selected ; 
transmit their favourable” qualities to their “oltspring 
by heredity, There is no doubt about this fact, 80 
far as we are concerned with it, For although, as [ 
have already hinted, considerable doubt has of late 
years been cast upon Lamarck's doctrine sof the 
hereditary transmission of acguived characters, {t 
remains as impossible as ever it was o question the - 
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hereditary transmission of what are called congenital 
characters, And this fs all that Darwin's theory 
necessarily requires. 

The fowth fact is, that although heredity aya whole 
produces a wonderfully exact copy of the parent in 
the child, there is never a precise reduplication, Of 
all the millions of human beings upen the face of the 
earth, no one is so like another that we cannot 
see some difference; the resemblance is everywhere 
specific, nowhere individual, Now this same remark 
applics to all specific types. The only reason why 
we notice individual differences in the case of the 
human type more than we do in the case of any other 
types, is because our attention is here more incessantly 
focussed upon these differences. We are compelled 
to notice them in the case of our own species, however 
small they may appear Lo a maturalisl, because, unless 
we do so, we should not recognise the members of our 
own family, or be able to distinguish between a man 
whom we know is ready to do us an important service, 
and another man whom we know is ready to cut our 
throats, But our common mother Nature is able 
thus io distinguish between all her children, Her 
eyes are much more ready to delect small individual 
peculiarities than are the eyes of any naturalist. No 
slight variations in the cast of feature or disposition 
of parla, no minute difference in the arrangement of 
microscopical cells, can escape her ever vigilant 
attention, And, consequently, when among all the 
innumerable multitudes of individual variations any 
one arises which—~no matter in how slight a degree 
gives to that individual a better chance of success in 
ne struggle for life, Nature chooses that individual 

ye 
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to.suiFvive, and so to perpetuate the improvement in 
his or her progeny. 

* Now I say that all these several component pauls 
“of Darwinian doctrine are not matters of theory, but 
matters of fact. The only clement of theory in his 
doctrjne of evolution hy natural selection has refs ence 

to the degree in which these observable ficls, when 
thus brought togcther, are adequate to account for the 
process of evolution. 


So much, then, ag a statement of the theory of 
natuial selection, But from this statement—i.e. from 
the theory of natural seketion ftsalf-there follow 
certain matters of geneial principle which it is im- 
poilant to bear in mind, These, therefore, T shall 
hee grocged to mention. 

First of all, it is evident that the theory is applicable 

,agan explanation of organic changes in specific types 

only in so far as these changes are of vse, or so far 
‘as such changes endow the species with better chances 
oftsucgess in the general struggle for existence, This 
is the only sense in which I shall always employ the 
terms use, ulility, service, benefit, and 80 “forthe=Lthat 
is to say, in the sense of life-preserving, a 


Pa : x 
r Next, it must be clearly understood that the life 
which it is the‘objegt, 30 to speals, of natural selection 
to preserve, is primarily the life of the sprees; not 
thajgof the évdividual, Natural selection preserves 
ithe Iife of the individual only in.go far as this is . 
cof iy to that of the species, Wherever the Ilfe- 
in ‘of the individual cltish with thos¢ of the 
ape that individual is mene id, favoyr ofolers 
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who happen betier to ‘tiantve the I ink rests Of the 
species, Tor example, in all organisms agerenter or 

Jess amount of vigour ts wasted, so far as individual 
interests are concerned, in the formation dnd the 

nowishment of progeny. In the great majmity of 
plants and animals an enormous amount of physia 

logical energy is thus expended, Look at the rac ar 
the milt of a hetring, for instance, and, see what a 
huge drain has been made upon the individual for the 
sake of its species, Again, all unselfish institict’ have 
been developed for the sake of the species, and usally 
against the interests of the individual, An ant which 
will allow her head to be slowly drawn from her body 
rather than relinquish her hold upon a pupa, is clearly 
acting in response to an instinct which has been de« 
veloped for the benefit of the hive, though fatal to the 
individual. And, in a lesser degree, the parental 
inslincts, wherever they occur, are more or less de- 
trimental to the interests of the individual, though: 
colrespondingly essential to those of the race. 

These ‘illustiations will serve to show that Tal 
selection always works primarily for the life-in ereats 
af the s cles—arid, Indeed, only works for thi aolof 
the" Indjvidual al all in go far as the latter happen’ to 

coincide with the former, Or, otherwise stated, ute 
objedt 6f natural selection ts always that of prddiicing? 
and maintaining specific types in the highest degree 
of efficiency, no matter what may become of the con- 
stituent 4ndividuals. Which is a striking republicaglon 
hy Science of a general truth previously stated by 
Poetry -—~ 

So'carefil cfthe type sh z * 

ype she scems, 

5a careless of the single life. 
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Tennyson thus noted the fact, and a few years later 
Darwin supplied the explanation. 

But of course in many, if not in the majority of 
cases, anything (hat adds to the life-sustaining: power 
of the single fife thereby ministers also to the life. 
sustaiting power of the types and (hus we can under. 
stand why all mechanisnis and instinets which minister 
to the single life have been develaped—namely, 
because the life of the species ig made up of the lives 
of all its constituent individuals, It ix only where 
the interests of the one clash with those of the other 
that naimal selection works against the individual. 
So long as the interests are coincident, it works in 
favour of both. 

Natural selection, then, is a theory which seeks Lo 
explain by natural causes the occurrence of every kind 
of adaptation which is to be met with in organic 
nature, on the assumption that adaptations of everys, 

+ kind have piimary reference to the preservation of 
species, and therefore also, as a general rule, to the 
‘preservation of their constituent individuals, And 
gtomnthis it follows that where it is for the benefit of a 

;° Species to change its type, natural selection will effect 
that change, thus leading to a specific transmutation, 
or the evolution of a new species, In such cases 
the old species may or may not become extinet, If 
the transmutation affects the species ay a whole, or 
throughout ils entire range, of course /Aaé,particular 
type becomes extinct, allhough it does so by becoming 
changed into a still more suitable type in the course 

s of successive generations. If, on the other hand, 
the transmutation affecta only a part of the original 
species, or not throughout its cntire range, then the 
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other parts of that species may survive for any mumber 
of ages as they originally were. Tn the one case there 
is a ladder-like transmutation of species in time; in 
the other case a possibly ticeslike multiplication of 
species in space. But whether the evolution of spe~ 
cies be thus serial in time or divergent fa space, the 
object of natiral selection, so to speak, is in either - 
case the same—namely, that of preserving all types 
which prove best suited to the conditions of their | 


exislence Fi 


Once more, the term “strugple for existence ? must, 
be understood to comprehend, not enly a competition 
for life among contemporary individuals of the same 
species, but likewise a strupele by all such individuals 
taken collectively for the continuance of their own 
specific type. Thus, on the one hand, while there ig 
& perpetual civil war being waged between members 
of Lhe same species, on the other hand there is a 
foreign war being waged by the species as a whole 
against its world as a whole, Tfence il follows that * 
natural selection doca not secure survival of the fittgst,, 
as regards Individuals only, but also survival of the 
fitlest as regards types. ‘This ia a most important 


: womeree erunnaiow na 
point 19 remember, because, naa general rule, these 


two different cqusea produce exactly opposite effects, ' 
Success in the civil war, where cach is fighting: against 
all, is determined by dvdividual fitness and self-reliance. 
But success in the forcign war is determined by what 
may be termedzyy/dal fitness and mufual dependences, 
For example, among social insects the struggle for 
existence is quite ag great between different tribe, or 


communitics, as it is between different individuals of 
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‘the same community ; ahd thus we can jnderstand 
the extraordinary degree in which not only co« 
operative instincts, but also largely intelligent social 
habits, have here been developed. Similarly, in the 
case of mankind, we can understand the still more ex- 
{raordinary development of these things—~culminating 
in the moral sense. I have heard a sermon, preached 
at one of the meetings of the British Association, 
entirely devoted to arguing that‘the moral sense could 
not have been evolved by natural selection, secing 
that the altruism which this sense invelves is the 
very opposite of selfishness, which alone ought to have 
been the product of survival of the fittest in a struggle 
for fife. And, of course, this argument would have 
been perfectly sound had Darwin limited the struggle 
for existence to individuals, without extending it to 
communitics, But if the preacher had ever read 
4 as 
i Darwin's works he would have found that, when thus 
extended, the principle of natural selection is bound 
to work in favour of the co-operative instincts in the 
case of so highly social an animal as man; and that 
“of these fastincls conscience is the highest imaginable 
‘exhibition. 

What I have called tribal fitness—In contra. 
distinction to individual filness—begins with the 
family, developes in the communily (herd, hive, clan, 
&c,), and usually ends with the limits of the species, 
On the one hand, however, it is but seldom that it 
extends so far as to embrace the entire species; while, 
on the other hand, it may in some cases, and as it were 

! For eases, sea lnimal Intelligence, in the chapters on Ante and 


Bees; and, for disoussion of principles, A/ental Lvolution in Animals, 
in the chapters on Instinct. 
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sporadically, extend beyontl the species. In these 
latter cases members of different species mutually 
assist one another, whether in the way of what is 
called symbiosis, or in a variety of other ways which 
T need not wait to mention. Tor the only point 
which I now desire to make clear is, that all cies of 
mutual aid or co-operation, whether within or heyanet 
the limits of species, are cases which fall under the 
explanatory sweep ofthe Darwinian theory} 


Another important point to notice is, that it con+ 
stitutes no part of the theory of natural selection to 
suppose that survival of the fittest nust invariably 
lead to ¢uprovewent of type, in the scnse of superior 
organization, On the contrary, if from change of 
habits or conditions of life an organic type ceases to 
have any use for previously useful organs, natural 
selection will not only allow these organs in succes. 
sive generations to deteriorate— by no longer placings 
any selective premium upon their maintenance --but 
may even proceed to assist the agencies engaged in 
their destruction, Jor, being now useless, Lhey may 
become even deleterious, by absorbing nutriment, 
causing weight, occupying space, &c, without con= 
ferring any compensating benefit, "Thus we can under= 
stand why it is Chat parasites, for example, present the 
phenomena of what is called degeneration, i.e. showing 
by their whole structure that they have descended from 
a possibly very much higher type of oranization than 
that which they now exhibit. aving for innumerable 


' Prince Kropotkin in the tueteeuth Century (Keb, 1888, Apr, kyty 
has acduced a leiga and interesting bully of Inet, abygandayg Vee yee att 
prevalence of the principle of co-operation In oiganie nAutIe. 
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generations ceased to require their legs, their eyes, 
and so forth, all such organs of high elaboration have 
either disappeared or become vestigial, leaving the 
parasite ag a more or fess offete representative of its 
ancestry, 

These facts of degeneration, ax we have previously 
seen, are of very general occurrence, and it is evident 
that their importance in the field of organic evolution 
as awhole has been very great. Moreover, it ought to 
be particularly observed that, as just indicated, Ube facts 
may be due cither to a passive cessation of selection, or 
to an active reversal of it, Or, mere correctly, these 
facts are probably aeays due to the cessation of 
selection, although in most cases where species in a 
state of nature are concerned, the process of deprener- 
ation has been both hastened and intensified by the 
super-added influence of the reversal of selection. In 
the next volume J shall have occasion to recur to 
this distinction, when it will be seen that it is one of 
no stall importance to the general theory of descent. 


We may now proceed to consider certain mis 
conceptions of the Darwinian theory which aie largely, 
hot Lo say generally, prevalent among supporters of 
the theory, ‘These misconceptions, therefore, differ 
from those which fill ta he considered in the next 
chapter, i.e, misconceptions which constilule grounds 
of objection to the theory, 


Of all the errors connected with the theory of 
natural sclection, perhaps the one most frequently met 
with—especially among supporters of the theory—is 
that of employing the theory to explain all cases of 
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phyletic modification (or inherited change of type) 
indiscriminately, without wailing to consider whether 
in particular cases its application is se much as 
logically possible. ‘The term “ natural selection ” thus 
becames a magic word, ar Sesame, at the utlerance of 
which every closed door is supposed to be immediately 
opened. Be it observed, T am not here alluding: to 
that merely blind faith in natural selection, which of 
late years has begun dogmatically to force this 
principle as the sole cause of organic evolution in 
every case where it is /ugically possible (hat the prins 
ciple can have come into play. Such a blind faith, 
indeed, I hold to be highly inimical, not only to the 
progress of biological science, but even lo the true 
interests of the natural selection theory ilseli As lo 
this I shall have a good deal to say in the next 
volume. Tlere, however, the point is, that the theory 
in question is aflen invoked in cages where it ty nat 
even logically possible that it can apply, and therefore 
in cases where ils application betokens, not merely an 
error of judgment or extravagance of dogmatism, but a 
fallacy of reasoning in the nature of a logical contra+ 
diction, Almost any number of examples might he 
given; but one will suffice to illustrate what is meant. 
And I choose it from the writings of one of the 
authors of the selection theory itself, in erder to shew 
how easy it is to be cheated by this mere jugelinyr 
with a phrase—for of course I do not doubt that a 
moment's thought would have shown the writer the 
untenability of his statement, 

Ty his most recent work My. Wallace advances an 
interesting hypothesla to the effect that differences of 
colour between allied species, which are apparently 
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too slight to serve any other purpose, may act as 
“recognition marks,” wherehy the opposite sexes are 
enabled at once to distinguish between members of 
their own and of closely resembling species, Of 
course this hypothesis can only apply to the higher 
animals; but the point here is that, supposing it to 
hold for them, Mr, Wallace proceeds Lo arpme this 
Recognition marks “have. in all probability heen 
acquired in the process of differentiation for the 
purpose of checking the intererossing of allied forms,” 
because ¢ one of the first necds of a new species would 
be to keep separate from its nearest allies, and this 
could be more readily done by some casily seen 
external mark” Now, it is clearly not so much 
as logically possible that these recogniltion-marks 
(supposing them to be such) can have been acquired 
by natural selection, “for the purpose of checking 
intercrossing of allied forms,” Jor the theory of 
natural selection, from its own essential nature ag a 
theory, is logically exclusive of the supposition that 
survival of the fittest ever provides chanpes in antici. 
pation of filure uses. Or, otherwise stated, it involves 
a contradiction of the theory itself to say that the 
colour-changes in question were oripinated by natural 
selection, in order to meet “one of the fivs7 needs of a 
new species,” or for the purpose of svdseguently 
preventing intercrossing with allied forms, If it had 
been said that these colour-differentiations were 
originated by some case other than natural selection 
(or, if by natural selection, still with regard to some 
previous, instead of prophetic, ® purpose”), and, when so 
“acquired,” hen began to serve the purpose” assigned, 
1 Darwinism, py. a8 nnd aay. 
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the argument would not have involved the fallacy 
which we are now considering. But, as it stands, the 
argument reverts to the teleology of pre-Darwinian 
days—or the hypothegis of a “ purpose" in the Siteral 
sense which sees the end from the beginning, instead 
of a “purpose” in the metaphorical sense of an adap- 
tation that is evolved by the very modifications which 
subserve it), 


Another very prevalent, and more deliberate, fallacy 
connected with the theory of natural selection is, at 
tt follows deductinely from the theory tiself Unat the 
principle of natural selection must be the sole means 
of modification in all cases where modification is of 
an adaptive kind—with the conscquence that no 
olher principle can ever have been concerned in the 
production of structures or instincts which are of any 
use to their posstssors, Whether or not natural 
selection actually has becn the sole means of adaptive 
modification in the race, ag distinguished fram the 
individual, is a question of biological fact#; but it 


1 Since the above was written Prof. Lloyd Morgan haa published a 
closely similar notice of the paxsnge in question, “This language,” he 
says, ‘xeoms to savow of teleology (that pitfall of the evolutloniat), 
The cut is put befne the hase ‘The tecognitionamarke were, I 
beHeve, nol produced to prevent infererosaing. but Intercrosaing: has 
been proveni¢d Mcanse of preferential mathiy between Individuals 
posscising special recopnition-matke, To misa this polit ia to miss 
an important segiegation-factor.”- (daimal 1 fe and Lutelligeuce, 
103.) Again, on pp. 184 y, ho furnishes an excellent diacussion on the 
whole subject of the fallney alluded to fis the text, and gives Uhstiathyre 
quotations fiom other mominent Taswinians I shoukd like to add 
that Darwin himself line nowhere fallen inty Unis, or any of the other 
fallacies, which are mentioned in the text, 

2 Of course adaptive mosifications produced In the Individual lile- 
time, aud not rudertéed, do not concern the queation al all, lu this aud 

* Tr 
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involves a grave error of reasoning to suppose that 
this question can be answered deductively from the 
theory of natural selection itself, as I shall show at 
some length in the next voluma, 


A still more extravagant, and a still more un+ 
accountable fallacy is the one which represents it as 
following deductively from the theory of natural 
aclection itself, that all Aeredifary characters are 
“necessarily” duc to natural sclection, Tn other 
words, not only all adaptive, but likewise all non- 
adaptive hereditary characters, it is said, ws? he duc 
to natutal selection. Tor non-adaptive characters are 
taken to be duc to “correlation of growth,” in con- 
nexion with some of the adaptive ones ~natural 
selection being thus the évdireet means of producing 
the former zehevever they may occur, on account of its 
being the dzree? and the oxdy means of producing: the 
latter. Thus it is deduced from the theory of natural 
selection itself—rst, that the principle of natural 
selection is the only possible cause of adaptive modifi-~ 
cation: and, that non-adaptive modifications can only 
occur in the race as correlated appendages to the 
adaptive: grd, thal, consequently, natural selection is 
the only possible cause of modification, whether 
adaptive or non-adaptive, Tere again, therefore, we 
must observe that none of these sweeping general. 
izations can posailly be justified by deductive reasoning 
from the theory of natural selection itaeli Any attempt 
at such deductive reasoning must necessarily end in 
circular reasoning, as I shall likewise show in the 


the following paragraphs, therefore, # ndaplations,” adaptive madifica- 
tlons,” &c., rofer exclusively to such as are hereditary, La, phyletic, 


» 
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second volume, where this whole * question of utility” 
will be thoroughly dealt with. 


Once more, there is an important oversight very 
gencially committed by the followers of Darwin, For 
even those who avoid the fallacies above mentioned 
often fail to perceive, that natural selection can only 
begin to operate if the degree of adaptation is already 
given as sufficiently high to count for something in the 
struggle for existence, Any adaptations which fall 
below this level of importance cannot possibly have 
been produced by survival of the filtest. Yet the 
followers of Darwin habitually speak of adaptative 
characters, which 7 ‘heir own opinion are subservient 
merely to comfort or convenience, as having been 
produced by such means. Clearly this is illogical ; 
for it belongs to the essence of Darwin's theory to 
suppose, that natural selection can have no jurisdiction 
beyond the line where structuies or instincts already 
present a sufficient degree of adaptational value to 
increase, in some measure, the expectation of life on 
the part of thelr possessors, We cannot sperk of 
adaptations aa due to natural selection, without 
thereby affirming that they present what I have else. 
where termed @ “selection value.” 


Lastly, as a mere matter of logical definition, it fs 
wellenigh self-evident that the theory of natural 
selection is a theory of the origin, and cumulative 
development, of adapfations, whether these be distinc. 
tive of species, or of genera, orders, families, chissux, 
and sub-kingdoms, It is only when the adaptations 
happen to be distinctive of the first (or lowest) of these 

T 2 
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taxonomic divisions, that the theory which accounts 
for ‘dese adaptations accounts also for the forms which 
present them,—i.¢. becomes a/se a theory of the origin 
of species. This, however, is cleaily but an accident of 
particular cases; and, therefore, even in them the 
theory is primarily a theory of adaptations, while it is 
but secondarily a theory of the species which prevent 
them. Or, otherwise slated, the theory is no more a 
theory of the origin of species than it is of the origin 
of genera, families, and the rest; while, on the other 
hand, it is evergrvhere a Lheory of the adaptive modifi- 
cations whereby cach of these laxonomic divisions has 
been differentiated as such. Yel, sufficiently obvious 
as the accuracy of this definition must appear to any 
one who dispassionatcly considers it, several naturalists 
of high standing have denounced it in violent terms, 
T shall therefore have to recur to the subject at some~ 
what greater length hereafter. At present it is enough 
merely to mention the matter, as furnishing another 
and a curious illustration of the not infrequent 
weakness of logical perception on the part of minds 
well gifted with the faculty of observation, It may be 
added, however, that the definition in question is in 
no way hostile to the one which is virtually given by 
Darwin in the title of his great work. Zhe Origin of 
Species by means of Natural Selection is beyond 
doubt the best tile that could have been given, 
because at the time when the work was published the 
JSact, no less than the merhod, of organic evolution had 
to be established; and hence the most important 
thing to be done at that time was to prove the 
transmutation of species. But now that this has been 
done to the satisfaction of naturalists in general, it is, 
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as I have said, curious to find some of them denouncing 
a wider definilion of the principle of natural selection, 
merely because the narrower (or included) definition is 
invested with the charm of verbal associations |, 


So much for fallacies and misconceptions touch- 
ing Darwin's theory, which are but too frequently 
met with in the writings of its supporters. We must 
now pass on to mention some of the still greater 
fallacics and misconceptions which are prevalent in 
the writings of its opponents, And, in order to do 
this thoroughly, I shall begin by devoting the re- 
mainder of the present chapter to a consideration of 
the antecedent standing of the two theories of natural 
selection and supernatural design, ‘This having: been 
done, in the succeeding chapters T shall deal with the 
evidences for, and the objections against, the former 


theory, 


Beginning, then, with the antecedent standing of 
these alternative theories, the first thing lo be noticed 
is, that they are both concerned with the same subject 
matter, which it is their common object to explain, 
Moreover, this subject-matler is clearly and sharply 
divisible into two greal classes of facty in organic 
nature--namely, those of Adaptation and those of 
Beauty, Darwin's theory of descent explains the for- 
mer by his cloctiine of natural selection, and the alter 
by his doctrine of sexual selection, Tn the first instunee, 
therefore, I shall have to deal only with the facta of 


* The question as to whether natural selection has Ucn the aly prin- 
elple concerned In the origination of wpecies, fy quite distingt fram that 
ag to the acourney of the above definition. 


x 
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adaptation, leaving for subsequent consideration the 
facts of beauty. 

[nnumerable cases of the adaptation of organisms 
to their surroundings being the ficls which now stand 
before us to be explained cither by natural selection 
or by supernatural intention, we may first consider a 
statement which is frequently mot with - namely, that 
even if all such cases of adaptation were proved to 

e fully explicable by the theory of descent, this 
would constitute no disproof of the theory of design : 
all the cases of adaptation, it is argued, might still 
be due to design, even though they admit of being 
hypothetically accounted for by the theory of descent, 
I have heard an eminent Professor tell his class that 
the many instances of mechanical adaptation discovered 
and described by Darwin as occurring in orchids, 
scemicd to him to furnish better proof of supernatural 
contrivance than of natural causca; and another emi- 
nent Professor has informed me that, although he had 
read the Orjein af Specics with care, he could see in 
it no evidence of natural selection which might not 
equally well have been adduced in favour of intelligent 
design. But here we meet with a radical misconception 
of the whole logical attitude of science. For, be ft 
observed, this exception 7 “mine to the evidence 
which we are about to consider does not question that 
natural selection way be able to do all that Darwin 
ascribes to it, The objection is urged against his 
interpretation of the facts merely on the ground hat 
these facts might egvally well be ascribed to intelligent 
design, And so undoubtedly they might, if we were 
all simple enough to adopt a supernatural explana- 
tlon ihohover a natural one is found sufficient to 
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account for the facts, Once adinit the irrational 
principle that we may assume the operition of biher 
causes where the operation of lower ones is sufficient 
to explain the observed phenomena, and all our science 
and all our philosophy are scattered to the winds. 
For the law of logic which Sir William Jamilton 
called the law of parsimony -or the law which forbila 
us to assume the operation of higher causes when lower y, 
ones are found sufficient to explain the observed" 
effects—this law constitutes the only barrier between 
science and superstition, It is always possible to pive 
a hypothetical explanation of any phenomenon whit+ 
soever, by referring: it immediately to the intelligence 
of some supernatural agent ; so that the only difference 
betiveen the logic of science and the logic of superstition 
consists in science recognising a validity in the law of 
parsimony which superstition disregards. ‘Uherefore 
one can have no hesitation in saying that this way 
of looking at the evidence in favour of natual selection 
is not a scientific or aw reasonable way of looksingy at ity 
but a purely superstitious way, Let us take, as an 
illustration, a perfectly parallel case. When Weplor 
was unable Lo explain by any known catses the paths 
described by the planets, he resorted Lo a sapermaural 
explanation, and supposed that every phinel was guided 
in {ts movements by some presiding angel. But when 
Newton supplicd a beautifully simple physieud ex. 
planation, all persons with a scientific habit of mind 
at @nce abandoned the metaphysical one. Now, ta 
be-consistent, the above-mentioned Professors, and all 
who think with them, ought still to adhere to Kepler's 
hypothesis in preference to Newton's explanation ; 
forgexcepting the law of parsimony, there is o@rttinly 
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no other logical objection to the statement, that the 
movements of the planets afford as good evidence of 
the influence of guiding angels as they do of the in» 
fluence of gravitation. 

So much, then, for the iogical position that, granting 
the evidence in favour of natural descent and supers 
nalutal design to be equal and parallel, we should 
hesitate in our choice between the lwo theories But, 
of course, if the evidence is supposed vof to he equal 
and parallel—i.c. if it is supposed that the theory of 
natural selection is not so good a theory whereby to 
explain the facts of adaptation as is that of supers 
natuial design,—then the objection is no longer the one 
which we are considering. Ibis quite another objection, 
and one which is not prima facie absurd, ‘Cherefore 
let us state clearly the distinct question which thus 
arises, 

Tonumerable cases of adaptation of organisms to 
their environments are the observed facts for which an 
explanation is required. To supply this explanation, 
two,,and only two, hypotheses are in the field. Of 
these two hypotheses one is intelligent design mani- 
fested directly in special creation; the other is natural 
causation operating through countless ages of the past, 
Now, the adaptations In question involve au innumer. 
able multitude of speclal mechanisms, in most cases 
sven within the limils of any one given species; hit 
when we consider the sum of all these mechanisins 
wesented by organic nature as a whole, the mind 
nust indeed be dull which does not feel astounded. 
For, be it further observed, these mechanical con+ 
tivances? are, for the most part, no merely simple 


1 Tt ts oflen objected to Darwin's terminology, that it embraces auch 
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arrangements, which might reasonably be supposed 
due, like the phenomena of crystallization, to com- 
paratively simple physical causes, On the contrary, 
they everywhere and habitually exhibit so deep-laid, 
so intricate, and often so remote an adaptation of 
means to ends, that no machinery of human contrivance 
can properly be said to equal their perfection from a 
mechanical point of view. ‘Therefore, without question, 
the hypothesis which first of all they sugyest “or 
suggest most readily—is the hypothesis of design. 
And this hypothesis becomes virtually the only hypo- 
thesis possible, if it be assumed— as it generally was 
assumed by natural theologians of the past,-~ that all 
species of plants and animals were introduced into 
the world svddenly, Vor it is quite inconceivable that 
any known cause, other than intelligent design, could 
be competent to turn out instantaneously any one of 
these intricate pieces of machinery, already adapted 
to the performance of ils special function, But, on the 
other hand, if there is any evidence to show that one 
species becomes slowly transformed into another - 
or that one set of adaptations becomes slowly chinyed 
into another set as changing circumstances requires 
then it becomes quite possible to imagine that a 
strictly natural causation may have had something 
to do with the matter, And this suggestion becomes 
greatly more probable when we discover, from peo: 
logical evidence and embryological research, that in 
the history both of races and of individuals the 


words as “contrivance,” purpose,” &e., which me atrictly applicable 
only to the processes or the products of thought. nt when i iy under 
stood that they are used in a neutral or motnphorieat sense, 1 camot ace 
that any harm atises from their use, 
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various mechanisms in question have themeelves had 
a history—beginning in the forms of most uniformity 
and simplicity, gradually advancing: to forms more 
varied and complex, nowhere exhibiting: any inter- 
ruptions in their upward progress, until the world of 
organic machinery as we now have it is seen to have 
been but the Jast phase of a Jong and gradual growth, 
the ultimate roots of which we to be found in the soil 
of undifferentiated protoplasm, 

Lastly, when there is supplied to us the suggestion 
of natural selection as a cause presumably adequate to 
account for this continuous growth in the number, the 
intricacy, and the perfection of such mechanisms, it is 
only the most unphilosophical mind that can refuse to 
pause as between the older hypothesis of design and 
the newer hypothesis of descent 

Thus it is clear that the a prior? standing of the 
rival hypotheses of naturalism and supernaturalism in 
the case of all these picces of organic machinery, is 
profoundly affected by the question whether they came 
into existence suddenly, or whether they did so grad: 
ually, Tor, if they all came inlo existence suddenly, 
the fact would constitute well-nigh posilive proof 
in favour of supernaturalism, or creation by design 5 
whereas, if they all cane into existence gradually, this 
fact would in ilself constitute presumptive evidence in 
favour of naturalism, or of development by natural 
causes. And, as shown in the previous chapters, 
the proof that all species of plants and animals came 
into existence gradually~ or the proof of evolution as 
a fact—is simply overwhelming, ’ 

From a still more general point of view I may atate 
the case in another way, by borrowing and somewhat 
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expanding ah illustration which, I believe, was firal 
used by Professor Ifuxley, If, when the tide is out, we 
see lying upon the shore a long line of detached sea- 
weed, marking the level which is reached hy full tide, 
we should be free to conclude that the separation of 
the sea-weed from the sand and the atones was due 
to the intelligent work of some one who intended to 
collect the sca-weed for manure, ar for any other pur- 
pose. But, on the other hand, we might explain the 
fact by a purely physical causc—namely, the separa. 
tion by the sca-waves of the sea-weed from the sand 
and stones, in virtue of its lower specific gravity. Now, 
thus far the fact would be explained equally well by 
cither hypothesis; and this fact would be the fact of 
selection, But whether we yielded our assent to the 
one explanation of to the other would depend upon a 
due consideration of all collateral circumstances, ‘The 
sea-weed might not be of a kind that is of any use to 
man; there might be too great a quantity of it to 
admit of our supposing that it had been collected by 
man; the fact that it was all deposited on the high. 
water-murk would in itself be highly sugpestive of the 
agency of the sca; and xo forth, ‘Chua, in such a cnae’ 
any reasonable observer would decide in favour of the 
physical explanation, or ayainst the leleological one, 
Now the question whether organic evolution has 
been caused by physical agencies or by intelligent 
design is in precisely the same predicament. ‘here 
can be no logical doubt that, theoretically at all events, 
the physical agencies which the present chapter iy con- 
cerned with, and which are conveniently summed up in 
the term natural selection, are as competent to produce 
these so-called mechanical contrivances, and the other 
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cases of adaptation which are to be met with in organic 
nature, as intelligent design could be. Tenee, our 
choice as between these two hypotheses must be go- 
veined bya study of all collateral circumstances ; that 
is to say, by a study of the evidences in favour of the 
physical explanation, To this study, therefore, we 
shall now addiess ourselves, in the course of the follow- 
ing chapters. 


CHAPTER VILL 


EVIDENCES OF ‘THE THEORY or Natural. 
SELLCTION, 


IT WILL now proceed to state the main arguments in 
favour of the theory of natural selection, and then, in 
the following chapter, the main objections which have « 
been urged against it. 

Tn my gpinion, the main arguments in favour of the 
theory are three In number, 

ist, it is a matter of observation that the struggle 
for existence in nature does lead to the extermination 
of forms less fitted for the struggle, and thugs makes 
room for forms more fitted, This general fact may be 
best observed jn cases where an exotic apecics proves 
itgelf better fitted Lo inhabit a new country than is some 
endemie species which it exterminates, In Great 
Britain, for example, the so-called cammon rat is a 
comparatively recent importation fram Norway, and 
it has ga completely supplanted the original British Vat, 
that it fs now extremely difficult to procure a single 
specimen of the latter: the native black rat has beon 
all but exterminated by the foreign brown rat. The 
game thing is constantly found in the case of imported 
species of plants. I have seen the river at Cambridge 
so choleed with the inordinate propagation of a species 
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of water-weed which had been introduced from, 
America, that considerahlé expense had to be incurred 


‘in order to clear the river for trafic. In New Zealand 


the same thing has happened with the Muropean 


£ 


water-eress, and in Australia with the common rabbit, 
So it is doubtless true, ag one of the natives in said 16 
have philosophically remarked, the white man'§ rat 
has diiven away our rat, the Muropean fly drives away 
our fly, his clover kills our giass, and so will the Maoris 
disappear before the white man himself” Tonumef. 
able other cases to the same effect might be quoted ;' 
and they all go to establish the fact that forms’ less, 
fitted to survive succumb in their competition with 
forms better fitted. 


> 


Sccondly, there is a general consideration of the 
largest possible significance in the present councxion—- 
namely, that among all the millions of structures and 
instincts which are so invariably, and for the most part 
so wonderfully, adapted to the needs of the species 
presenting them, we cannol find a single instance, 
either in the vegetable or animal kingdom, of: a 
structure or an instinct which is developed for the 
exclusive benefit of another species, Now this gréat 
and general fact is lo my mind a fact of the most 
cnormons, nol Lo say overwhelming, significance. The 
theory of natural selection has now been before the 
world for more than thirty years, and during that time 
it had stood a fire of criticism such as was neveg,cn- 
countered by any scientific theory before, T'rom™the 
first Darwin invited this criticlsm to adduce any single 
instance, either in the vegelable or animal kingdom, of 
a structure or an instinct which should unquesttonably 
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be proved to be af exclusive use lo any species other 
than the one presenting iL Te even went so far ag to 
say that if any one such instanee could be shown he 
would swrender his whole theory on the strength of 
itso assured had he become, by his own prolonged 
; researches, that natural selection was the true agent 
in the production of adaptive structines, and. as such, 
could never have permitted such a structure lo aveur 
In one species for the benefit of another, Now, as thix 
favilation has been before the world for so many years, 
* and has nol yet been answered by any nturalist, we 
may by this Lime be pretty confident that it never will 
bes answered. low tremendous, then, is the significance 
+ pf ‘this fact in ils testimony Lo Daiwin's theory! The 
pumber of animal and vegetable species, both {ving 
and extinel, is to be reckoned by millions, and every 
onc of these species presents on an average hundreds of 
adaptive structures, at least one of which in many, * 
possibly in most, if not actually in all cases, is peculiar 
to the species that presents il, In other words, there 
are millions of adaptive structures (nol to speak of in- 
gtincts) which are peculiar to the species presenting 
them, and also many more which are the common 
property of allied species: yel, notwithstanding this 
‘inconceivable profusion of adaptive structures in 
organic nature, there is no single Instance that has 
been pointed out of the occurrence of such a atructure 
save for the benefit of the species that presents it, 
Thercfore, f say that this immensely large and gencral 
faclspeaks with Iterally immeasurable force in favour 
of natural selection, ag at all events onc of the main 
causes of organic evolution. Tor the fact is precisely 
what we should expect if this theory is true, while 
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upon no other theory can its universality and invari 
abilily be rendered intelligible. On the beneficent 
design theory, for instance, it is inexplicable that no 
species should ever be found to present a stracture or 
an instinct having primary reference to the welfare of 
another species, when, ex Aypothes’, such an endless 
amount of thought has been displayed in the creation 
of structures and instincts having primary reference to 
the species which present them, Jor how magnificent 
a display of divine beneficence would organic nature 
have afforded, if all—or even some—species had been 
so inter-related as to have ministered to cach others 
wants, Organic species might then have been likened 
toa countless multitude of voices, all singing in one 
great harmonious psalm, But, as it is, we sce abso- 
lutely no vestige of such co-ordinatiun: every species 
is for itself, and for itself alone—an outcome of the 
always and everywhere fiercely raging struggle for 
life, 

In order that the force of this argument may not be 
misapprehended, it is necessary to bear in mind that 
it is in no way affected by cases where a structure or 
an instinct is of primary benefit to its possessor, and 
then becomes of secondary benefit to some other species 
on account of the latler being able in some way or 
another to utilise its action, Of course organic nature 
is full of cases of this kind ; but they only po to show 
the readiness which all species display to utilise for 
themsclves everything that can be turned to good ac« 
count in their own environments, and so, among other 
things, the structures and instinets of other animals. For 
instanee, it would be no answer to Darwin's challenge if 
any one were to point to a hermit-crab inhabiting the 
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cast-off shell of a mollusk; because the shell wis 
primarily of use to the mollusk itself, ane se fir as the 
mollusk is concerned, the fact of its shell being afler- 
wardsofa secondary use to Che erab is quite immiaterial. 
WhatDarwin's challenge requires is, that some structure 
or instinct should be shown which is not merely of such 
secondary or accidental benefit to another species, but 
clearly adapted to the needs of that other species in the 
firat instance - such, for example, as would be the case 
if the tail of a ratile-snake were of no use to its 
possessor, while serving Lo warn other animals of the 
proximity of a dangerous creature ; or, in the case of 
instincts, if it were true thal a pilot-fish accompinics a 
shark for the purpose of helping the shark to discover 
food, Both these instances have been alleged; but 
both have been shown untenable. And so it has 
proved of all the other cases which thus far have been 
put forward, 

Perhaps the most remarkable of all the allegations 
which ever have been put forward in this connexion 
are those that were current with regard to instincts 
before the publication of Darwin's work, These 
allegations are the most remarkable, because they 
serve to show, in a degree which I do not believe 
could be shown anywhere else, the warping power 
of preconceived ideas, A. short time ago L happened 
to come acrogs the &th edition of the Zueyelepadia 
Britannica, and turned up the article on “ Inatinet 
there, in order to see what amount of change had been 
wrought with regard to our views on this subject by 
the work of Darwin-—the &th edition of the /veyelo- 
dedia Britannica having been published short before 
The Origin af Species by means of Natural Selection, 

3 u 
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T cannot wait to give any lengthy quotations from 
this representative exponent of scientific opinion upon « 
the subject at that time; bul its general drift may be 
appreciated if I tiansciilse merely the short concluding 
paragraph, whercin he sums up his general results. 
Here he says ;— 

Jt thus only remains for us to regard instinct as a mental 
faculty, sué generis, the gift of God to the lower animals, that 
man in his own person, and by them, might be rcheved fiom the 
meanest diudgety of natine, 

Now, here we have the most extraordinary illus- 
tration that is imaginable of the obscuring influence 
of a preconceived idea, Because he started with the 
belief that instincts mast have been implanted in 
animals for the benefit of man, this writer, even when 
writing a purely scientific essay, was completely 
blinded to the largest, the most obvious, and the most 
important of the facts which the phenomena of instinet 
display. Tor, as a matter of fact, among all the many 
thousands of instincts which are known to occur in 
animals, there is no single one that can be pointed to 
as having any special reference to man; while, on the 
other hand, it is equally impossible lo point to one 
which docs not refer to the welfare of the animal 
presenting it, Indeed, when the point is suggested, 
it seems to ne surprising how few in number are the 
instincts of animals which have proved lo be so much 
as of secondary or accidental benefit to man, in the 
same way as skins, fuis, and a whole host of other 
animal products aie thus of secondary use to him, 
Therefore, this writer not only failed to perceive the 
most obvious truth that every instincl, without any 
single exceplion, has reference to the animal which 
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presents It; but he also conceived a pmely fictitious 
Inversion of this truth, and wrole an essay Lo prove a 
statement which all the instinets in the animal kingdom 
unite in contradicting. 

This example will serve to show, in a atiiking 
manner, not only the distance that we have travelled! 
in our interpretation of organic nature between two 
successive editions of the /acpedopadia Hrddannicd, Wt 
also the amount of verification which this fiet furnishes 
to the theory of natural selection, Tor, inasmuch 
as it belongs to the very essence of this theory that all 
adaptive characters (whether instinctive or atructuial) 
must have reference lo their own possessors, we find 
overpowering verification furnished to the theory by 
the fact now before us—numely, that immediately prior 
to the enunciation of this theory, Une truth Uhat all 
adaptive characters have reference only to the species 
which present them was not perceived. In other 
words, il was the testing of this theory by the facta 
of nature that revealed to naturalists the preneral Inw 
which the theory, as it were, predicted the general 
law that all adaptive characters have primary reference 
to the species which present them. And when we 
remember that thia is a kind of verificadion which ix 
furnished by iillions of separate eases, the whole 
mass of it taken together is, ag UC have before sacl, 
overwhelming. 

Te is somewhat remarkable that the enormous im 
portance of this argument in fiveur of natual 
selection as a prime factor of organic evolution hits 
not received the attention which it deserves. Even 
Darwin himself, with his characteriatic reserve, hex 
not presented ils incalculable significance; ner do I 
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know any of his followers who have made any ap- 
proach to an adequate use of it in their advocacy 
of his views. In preparing the present chapter, 
therefore, I have been particularly careful not to pitch 
too high my own estimate of its evidential value. 
That is to say, I have considered, both in the comain 
of structures and of instincts, what instances admit of 
being possibly adduced fer contra, or as slanding out~ 
side the general law that adaptive structures and 
instincts are of primary use only Lo their possessors, 
In the result I can only think of two such instances, 
These, therefore, I will now dispose of, 

The fist was pointed out, and has been fully dig 
cussed, by Darwin himself. Certain species of ants 
are fond of a sweet fluid that is secreted by aphides, 
and they even keep the aphides as we keep cows for 
the purpose of profiting by their “milk.” Now the 
point is, that the use of this sweet secretion to the 
aphis itself has not yet been made out. Of course, if 
it is of no use to the aphis, it would furnish a case 
which completely meets Darwin’s own challenge. But, 
even if this supposition did not stand out of analogy 
with all the olher facts of organic nature, most of us 
would probably deem it prudent to hold that the 
secretion must primatily be of some use lo the aphis 
itself, allhongh the matter has not been sufficiently 
investigated to inform us of what this use is. Lor, in 
any case, the secretion is not of any vital importance 
to the ants which feed upon it: and I think but few 
impartial minds would go go far to save an hypothesis 
as to maintain, that the Divinity had imposed this drain 
upon the internal resources of one species of insect 
for the sole put pose of supplying a luxury to another, 
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On the whole, if seems most probable thal the fluid 
is of the nature of an excretion, serving to carry off 
waste products, Such, at all events, was the opinion 
at which Darwin himself arrived, asa result of eb« 
serving the facts anew, and in relation to his theory, 


The other instance to’ which T have alluded as 
seaming at first sight likely to answer Duascwin’s 
challenge is the formation of vegetable galls, ‘The 
great number and varlety of galls agree in presenting 
a more or less cluborate structure, which is net only 
foreign to any of the uses of plant-life, but singularly 
and specially adapted lo those of the inseet-life which 
they shelter, Vet they are produced by a growth of 
the plant itself, when guitubly stimulated hy the 
insects’ inoculation~-or, according: to recent observa- 
tions, by emanations from the bodies of the Jarva: 
which develop from the cyas deposited in the plant 
by the insect. Now, withont question, this is a most 
remarkable fact ; and if there were many more of the 
like kkind to be met with in organic nature, we might 
seriously consider whether the formation of galls should 
not be held to make against the ubiquiloas agency of 
natural selection, But inasmuch as the formation of 
galls stands out aa an exceplion to the otherwise 
universal rule of every species for itself and for itself 
alone, we ure justified in regarding this one apparent 
exception with extreme suspicion. Indeed, I think 
we are justified in regarding the peculiar pathological 
effect produced in the plant by the secretions of the 
insect as having been in the first instance accidentally 
beneficial to the insects, Thus, if any other effect 
than that of a growing tumour had been produced in 
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the fist instance, or if the needs of the insect progeny 
had not been such as to have derived profit from 
being enclosed in such a tumour, then, of course, the 
inoculating instinct of these animals could not have 
been developed by natural selection. But, given these 
two conditions, and it appears to me there is nothing 
very much more remarkable about an accidental 
correlation between the effects of a parasitic larva on 
a plant and the needs of that parasite, than there is 
beiween the similarly accidental correlation between 
a hydated parasite and the nutrition furnished to it by 
the tissues of a warm-blooded animal, Doubtless the 
case of galls is somewhat more remarkable, inasmuch 
as the morbid growth of the plant has more concern 
in the correlation—being, in many instances, a more 
specialized structure on the part of a host than occurs 
anywhere else, cither in the animal or vegetable warld, 
But here I may suggest that although natural selection 
cannot have acted upon the plant directly, so a8 to have 
produced galls ever better and better adapted to the 
needs of the insect, it may have so acted upon the 
plants indirectly through the insects, Vor it may very 
well have been that natural selection would ever 
tend to preserve those individual insects, the qualily 
of whose emanations tended to produce the form of galls 
best suited to nourish the insect progeny; and thus 
the character of these pathological growths may have 
become ever better and better adapted to the needs 
of the insects, Lastly, looking to the enormous 
number of relations and inter-relations belween all 
organic species, it is scarcely to be wondered al that 
even so extraordinary an instance of correlation as 
this should have arisen thus by accident, and then 


Evidences of Theory of Natural Selection, 29% 


have been perfected hy such an fedireet agency of 
natuial selection as is here sugpested 1. 


The third general class of facts which tell so im- 
mensely in favour of natural selection as an important 
cause of organic evolution, are Lhose of domesticntion. 
The art of the horticulturist, the fancier, the cattles 
breeder, &c., consists in producing greater and greater 
deviations from a yiven wikl type of plant or animal, 
in any particular direction that may be desired for 
purposes either of use or of beauty. Cultivated 
cereals, fruits, and flowers are known lo have been 
all derived from wild species ; and, of course, the same 
applics to all our domesticated vaticlics of animals, 
Yet if we compare a cabbage rose with a wild rose, a 
golden pippiv apple witha crab, a toy terrier with any 
species of wild dog, not to mendon any number of other 
instances, there can be no question that, if such differ- 
ences had appeared in nature, the organisms presenting: 
them woukl have been entitled to rank as  cistinet 
species—or even, in many cases, as distinct genera. 
Yet we know, as a matter of frel, that all these 
differences have been produced by a process of arti- 
ficial selection, or pairing, which has been continuously 
practised by horticulturists and breeders through a 
number of penerions., Tis the business of these men 
to note the individual organisms which show mast 
vatiation in the eireetions required, and then to 
propagate from these individuals, in order that the 
progeny shall inherit the qualilica desired. ‘The 
results thus become cumulative from generation to 
generation, until we now have an astonishing mani 
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festation of useful qualities on the one hand, and of 
beautiful qualities on the other, accorling as the 
organisms have been thus byed for purposes of use’ or 
for those of beauty. 

Now it is immediately obvious that in these cases 
the process of atlificial selcclion is precisely analogous 
to that of natural gclection (and of sexual selection 
which will be considered later on), in all respects save 
one: the utility or the beauty which it is the aim of 
artificial selection continually to enhance, is utility or 
beauty in relation to the requirements or to the tastes 
of many whereas the utility or the beauty which is 
produced by nattnal selection and sexual selection has 
reference only to the requirements or the tasies of 
the oiganisms themselves. But, wilh the exception 
of this one point of difference, the processes and the 
products ave identical in kind, Persevering selection 
by man is thus proved to be capable of creating what 
are vilually new specific types, and this in any 
tequired direction. IJence, when we remember how 
severe is the sliugele for existence in nature, it 
becomes impossible to doubt that selection by nature 
is able to do at least as much 2 artificial selection in 
the way of thus creating new types out of old ones, 
Artificial selection, indeed, notwithstanding the many 
and marvellous resulls which it has accomplished, can 
only be regarded as but a feeble imitation of natural 
selection, which must act with so much greater 
vigilance and through such immenacly greater periods 
of time. In a word, the proved capabilities of arti. 
ficial selection furnish, in its best conceivable form, 
what is called an argument @ fortiori in favour of 
natural selection, F 
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4 
Or, to put it in another way, it may he said that 


for thousands of years mankind has been engaged in 
making a gigantic experiment to test, as it were by 
anticipation, the theory of natural selection, For, 
although this prolonged experiment has been earied 
on without any such intention on the part of the ox- 
peilmenters, it is none the less an experiment in the 
sense that its results now furnish ao overwhelming 
verification of Mr, Darwin’s theory, ‘That is to say, 
they furnish overwhelming proof of the efficacy of the 
selective principle in the modification of organic types, 
when once this principle is brought steadily and con- 
tinuously Lo bear upon a sufficiently lony series of 
generations, 

In order to furnish ocular evidence of the value of 
this line of verification, T have had the following series 
of drawings prepared, Another and equally striking 
series might be made of the products of artificial 
selection in the case of plants; but it seems to me 
that the case of animals is more than sufficient for the 
purpose just stated. Perhaps it is desirable to add 
that congiderable care has been beslowed upon the 
execution of these portraits; and that in every case 
the latler have been taken from the most typical 
specimens of the artificial variety depicted, Those of 
them which have not been druwn directly from life 
are taken from the most authorilative sources ; and, 
before being submitted to the engraver, they were all 
examined by the best judges in cach department. In 
none of the groups, however, have I aimed at an 
exhaustive representation of all the varieties: 1 
have merely introduced representatives of as many 
as the page would in cach case accommodate, 
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Mite 107, -Wid Roar contrasted wilh a modem Donteatlentad: Pig. 
Diawn fiom Ife (Zeologn al Gardens, andl prize apelin), 


The exigencies of space have prevented, in some of 
the groups, strict adherence lo a uniform scale—with 
the result that contrasts between different breeds in 
lespect of size me nol adequately rendered, This 
remark applies especially to the dogs; for although 
the ai list has endeavoured to draw them in perspective, 
unless the distance between those in the foreground 
and those in the background is understood to be 
moie considerable than it appears, an inadequate idea 
Is given of the iclative differences of size. The most 
instructive of the groups, t think, is that of the 
Canarics ; because the many and great changes in 
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different directions must in this case have been 
produced by artificial selection in so compatatively 
short a time—the first mention of this bird that [ can 
find being by Gesner, in the sixteenth century, 


Now, it is surely unquestionable (hat in these 
typical proofs of the efficacy of aitificial selection in 
the modification of specific types, we have the strongest 
conceivable testimony Lo the power of natural selection 
in the same direction, Tfor iL thus appears that 
wherever mankind has had occasion to operate by 
selegtion for a sufficiently long time—that is to say, on 
whatever species of plant or animal he chooses thus to 
operate for Lhe purpose of modifying the type in any 
required direction,—-the results are always more or less 
the same: he finds that all specific types lend them- 
selves to continuous deflection in any paiticulars of 
structute, colour, &e,, thal he may deste to modify. 

Nevertheless, to this parallel between the known 
effects of nitificial solection, and the inferred effects of 
natural selection, two objections have been urged. 
The first is, that in the case of artificial selection Ue 
selecling agent ia a voluntary intelligence, while in the 
case of natural selection the selecting agent is Nature 
herself; and whether or not there is any countes part 
of man’s voluntary intelligence in nature is a question 
with which Darwinism haa nothing to do, Therefore, 
it ia alleged, the analogy between natural selection 
and artificial selection (ails aé dufdza, or at the fountain- 
head of the causes which are taken by the analogy to 
be respectively involved. 

The second objection to the analogy is, that the 
produgts of artificial selection, closely as they may 
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resemble natural species in all other respects, never. 
theless present one conspicuous and highly important 
point of difference: they rarely, if ever, present the 
physiological character of mutual infertility, which is 
a character of extremely’ geacral occurrence in the 
case of natural species, even when these are most 
nearly allied. 

I will deal with these two objections in the next 
chapter, where I shall be concerned with the meeting 
of all the objections which have ever been urged 
against the theory of natural selection. Meanwhile I 
am engaged only in presenting the general arguments 
which support the theory, and therefore mention these 
objections to one of them merely ev fassant, And I 
do so in order to pledge myself effectually to dispose 
of them later on, so that for the purposes of my present 
argument both these objections may be provisionally 
regarded as non-existent; which means, in ather 
words, that we may provisionally regard the analogy 
belween artificial selection and natural selection as 
everywhere logically intact. 


To sum up, then, the results of the foregoing 
exposition thus far, what IT hold to be the three 
principal, or most general, arguments in favour of the 
theory of natural selection, are as follows, 

Viest, there is the a prior? consideration that, if on 
independent grounds we believe in the theory of 
evolution at all, it) becomes obvious that natural 
selection mest have had seme part in the process, 
For no ane can deny the potent facts of heredity, 
variability, the struggle for existence, and survival of 
the fittest, But to admit theae facts is to admit 
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natural selection as a principle which must be, at any 
rate, one of the factors of organic evolution, supposing 
such evolution to have taken place. Next, when we 
turn from these @ prior? considerations, whicly thus 
show that natural selection Yes7 have heen concerned 
to some extent in the process of evolution, we find in 
organic nature evidence a posterior’ of the extent to 
which this principle Zas been thus concerned. Jor we 
find that among all the countless millions of adaptive 
structures which ave to be met with in organic nature, 
it is an invariable rule that they exist in relation to the 
needs of the particular species which present them : 
they never have any primary reference to the necds of 
other species, And as this extraordinarily large and 
general fact is oxactly what the theory of natura 

selection would expect, the theory is verified by the 
fact in an extraordinarily cogent manner. In other 
words, the fact goes to prove that in ad/ cases where 
adaptive structures or instincts are concerned, natural 
selection must have been either the sole cause at work, 
ot, at the least, an influence controlling the operation 
of all other causes, 

Lastly, au actually experimental verification of the 
theory has been furnished on a gigantic scale by the 
operations of breeders, fanciers, and horticulturists. 
For these men, by their process of selective accumula~ 
tion, have empirically proved what immense changes 
of type may thus be brought about; and so have 
verified by anticipation, and ina most striking man- 
ner, the theory of natural selection-—which, as now 
so fully explained, is nothing more than a theory 
of cumulative modifications by means of selective 
breeding, 
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So much, then, by way of generalities. But perhaps 
the proof of natural selection as an agency of the first 
importance in the transmutation of species may be best 
brought home to us by considering a few of its 
applications in detail, I will therefore devote the rest 
of the present chapter Lo considering a few cases of this 
kind, 

There ac so many large fields Gom which such 
special illustrations may be supplied, that it is difficult 
to decide which of them to drawupon, Vor instance, 
the innumerable, always interesting, and often aston- 
ishing adaptations on the part of flowers to the 
ferlilising agency of insects, has alone given rise to an 
extensive literature since the tine when Darwin him- 
elf was led Lo investigate the subject by the guidance 
of his own theory, The same may be said of the 
structures and movements of climbing plants, and, in 
short, of all the other departments of natural history 
where the theory of natural selection has led to the 
study of the phenomena ofadaptation. Vor inall these 
cases the theory of natural selection, which first led to 
their discovery, still remains the only scientific theory 
by which they can be explained. But among all the 
possible fields from which evidences of this kind may 
be drawn, 1 think the best is that which may be 
generically termed defensive colouring, ‘To thi field 
therefore, I will restrict myself, But, even go, the 
cases to be mentioned are but mere samples taken 
from different divisions of this field; and therefore it 
must be understood at the outset that they could 
easily be multiplied a hundred-fold, 
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Protective Colouring. 

A vast number of animals are rendered more or Tess 
inconspicuous by resembling the colours of the aurfices 
on which they habitually rest. Such, for exumpksy 
are grouse, partridges, rabbits, &e. Moreover, there 
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Bic. dot. Seasonal changes at colo ma Loumigan (Lagepes mitus), 
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are many cases in which, if the needs of thé creature 
be such that it fnust habitually frequent surfaces of 
different colours, it has acquired the power of changing 
its colour accordingly—e.g. cultle-fish, flat-fish, 
frogs, chameleons, &c. The physiological mechanism 
whereby these adaptive changes of colour are pro- 


318 Darwin, and afler Darwin, 


duced differs in different animals; hut it is needless 
for our purposes to go into this part of the subject. 
Again, there are yet other cases where protective 
colouring which is admirably suiled to conceal jan 
animal through one part of the year, would become 
highly conspicuous during another part of it~ namely, 
when the ground is covered with snow. Accordingly, 
in these canes the animals change their colour in the 
winter months to a snowy white: witness stoats, 
mountain hares, ptarmigan, &c. (lig, 108,) 

Now, it is sufficiently obvious that in all these 
classes of cascs the conccalment from enemics or 
prey which is thus secured is of advantage to the 
animals concerned ; and, therefore, that in the theory 
of natural selection we have a satisfactory theory 
whereby to explain it, And this cannot be said of 
any other theory of adaptive mechanisms in nature 
that has ever becn propounded. The so-called La- 
marckian theory, for instance, cannot be brought to 
bear upon the facts at all; and on the theory of 
special creation it is unintelligible why the phenomena 
of protective colouring should be of such general 
occurrence, Tor, in as far as protective colouring 
is of advantage to the species which present il, it is 
of corresponding disadvantage to those other species 
against the predatory nature of which it acts as at 
defence, And, of course, the game applica to yet 
other species, if they serve as prey. Moreover, the 
more minulely this subject is investigated in all its 
details, the more exactly is it found to harmonise 
with the naturalistic interpretation 4. 


* Were it not that yome of Darwin's ciitles have overlooked the very 
point wherein the gical value of protective colowing ne evidence of 
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In the first place, we always find a complete cor« 
respondence between imitative colouring and instinctive 
endowment, If a caterpillar exactly resembles the 
colour of a twig, it also presents the instinet of 
habitually reposing in the attitude which makes it 
most resemble a twig -slanding out from the branel 
on which it rests at the same angle as is presented 
by the real twigs of the tree on which it lives, 

Here, again, is a bird protectively coloured so as to 
resemble slonea upon the rough ground where it 
habitually lives; and the drawing shows the attitude 
in which the bird instinctively reposes, so as still further 
to increase its resemblance to a stone, (lig, 109.) 

To take only one other instance, hares and rabbits, 
like grouse and partridges—or like the plover just 
alluded to,—instinclively crouch upon those surfaces 
the colours of which they resemble; and I have often 
remarked that if, on account of any individual 
peculiarity of coloration, the animal is not able thus 


natal selection consists, it would be needless to obseive that i does xo 
in the m#inefeness of the protective resumblanee which in so may 
vases fs presented, Of cowtee where the resemblance ts only very general, 
the phenomena might be averihed to mere colneidence, of which the 
instineta of the animnl have taken advantage, But In the measure 
that the resemblance becomes minutely detailed, the supposition 
of mere colnchtence ik exclude, aud the agency of xome spocially 
adaptive cnuno demonstrated, Again, it is almost needless to say, no real 
difficulty is presented (ag has been alleged) by the cages above quoted of 
seasonal jmttntiona, on the ground that nntural selection could not act 
alternately on the game individual. Natwal sclection is not supposed to 
act alternately on the game Individual, It fa supposed to act always in 
the sane manner, and if, asm the cave of a reguimly reemilng change 
in thy caloms of the environment, correspondingly recmurent changes are 
required to appear in the colours of the animals, natinal selection sets 
ita premium upon those individuals the constitutions of which best lend 
themselves to scasynal changeg of Ure neelfl kind-—p obably under the 
Influence of athnul supplied by the changes of external conditions 
(temperatnre, molature, &0.), 
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to secure concealment, it nevertheless exhibits the 
instinct of crouching which is of benefit to all its 
kind, although, from the accident of its own abnormal 
colouring, this instinct is then actually detrimental 
to the animal itself, For example, every: sportsman 
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must have noticed that the somewhat rare melanic 
variety of the common rabbit will crouch as steadily 
as the normal brownish-pray type, notwithstanding 
that, owing lo ils abnormal colour, a “ nigger-iabbit ” 
thus renders itself the most conspicuous object in the 
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landscape. In all such cases, of course, there haa 
been a deviation from the normal type in respect 
of colour, with the resuld that the inherited instinet 
ia no longer in tune with the ather endowments af 
the animal, Such a variation af calous, therefore. 
will Cond to be suppressed by matuna selection ; while 
any variations which may being the animal still more 
closely to resemble its habitual surroundings will be 
preserved, ‘Thus we can understand the (nly 
wonderful extent to which this principle of protective 
colouring has been carried in many cases where the 
need of it hag been most urgent. 

Not only colour, but structure, may be profoundly 
modified for the purposes of protective conccalment. 
Thus, caterpillars which resemble tvige do so not 
only in respect of colour, but alse of shape; and this 
even down to the most minute details in cases where 
the adaptation is most complete: certain butterflics 
and leafinsects so precisely resemble the leaves upon 
which, or among which, they live, that it is almost 
impossible to detect them in the foliage—not only 
the colour, the shape, and the venation being ail 
exactly imitated, but in some cases even the defects 
to which the leaves are liable, in the way of fungoid 
growths, &e ‘There are other insects which with 
similar exactnasd reaemble mous, lichens, and so forth, 
A species of fish securea a complete resemblance to 
bunches of seaweed by a frond-like modification 
of all ils appendapes, and go on through many ather 
instances, Now, in all such cases where there is so 
precise an imitation, both in colour and structure, 
it scoms impossible to suggest any other explana-~ 


Yon of the faets than the one which is supplied by 
* y 
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Fa. 1o.=Imitathse forme and colour ia heweete Drawn fram nature (Ry Cath 
daeg Mus) 
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Mr. Jatwin’s theory--namely, that the more perfect 
the resemblance is caused to become Uvough the 
continuous influence of natural selection always picking 
out the best imitations, the more highly discriminative 
becomes the perception of these enemics against the 
depredations of which this peculiar kind of protection 
is developed ; so that, in virtue of this action and 
re-action, eventually we have a degree of imitation 
which tenders it almost impossible for a naturalist 
to detect the animal when living in its natural en- 
vironment. 


Warning Colours. 


In strange and glaring contrast to all these cases 
of protective colouring, stand other cases of conspic- 
uous colouring. ‘Thus, for example, although there 
are numberless species of caterpillars which present 
in an astonishings deyree the phenomena of pro 
lective colowing, there are numberless other apecics 
which not only fail to present these phenomena in 
any degree, but actually yo to the opposite extreme 
of presenting colows which appcar to have been 
developed for the sake of their conspicuousness. At 
all events, these caterpillars are usually the most con 
apicuous objects in thelr surroundings, and therefore 
in the carly days of Darwinism they were regarded by 
Darwin himeelf as presenting a formidable difficulty 
in the way of his theary, To Mr. Wallace belongs 
the merit of having cleared up this difficulty in 
an extraordinarily successful manner, Le virtually 
reasoned thus, If the raison d'éire of protective 
colouring he that of concealing agrecably flavoured 
caterpillars from the cye-sight of birds, may not 

Y2 
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the raison d'étre of conspicuous colouring be that 
of protecting disagrecably flavoured caterpillars 
from any possibility of being mistaken by birds? 
Should this be the case, of course the more con. 
spicuous the colouring the better would it be for 
the caterpillars presenting it. Now as soon as this 
suggestion was acted upon experimentally, it was 
found to be borne out by facts, Birds could not be 
induced to eat caterpillars of the kinds in question; 
and there is now no longer any doubt that their con- 
spicuous colouring is correlated with their distasteful 
ness to birds, in the same way as the inconspicuous or 
imitative colouring of other caterpillars is correlated 
with their tastefulness to birds, Tere then is yet 
another instance, added to those already given, of 
the verification yielded to the theory of natural 
selection by ils proved competency as a guide to facts 
in nature; for assuredly this particular class of facts 
would never have been suspected but for its suggestive 
agency, 

As in the case of protective imitation, so in this 
case of warning conspicuousness, not only colour, but 
structure may be greatly modified for the purpose 
of securing immunity from attack, Tlere, of course, 
the object is to assume, as far as possible, a touch. 
me-nol appearance; so that, although destitute of 
any real means of offence, the creatures in question 
present a fictitiously dangerous ngspect. Ags the 
Devil's-coach-horse turns up his stingleas tail when 
threatened by an cnemy, so in numberless ways do 
many harmless animals of all classes pretend to be 
formidable. But the point now is that those Instincts 
of self-defence are often helped out by structural 


a 
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modifications, expressly and exclusively adapted to 
this end. or example, what a remarkable series of 
protective adjustments aceurs in dhe life-history af the 
Puss Moth culminating: with so comical itn instance 
of the particular device now under consideration ts 
the following, 1 quote the facts fiom Mi 1 2B. 
Poulton’s admirable book on 22 Colours af. ladunls 
(pp. 269-271), , 

The larva of the Iuss Moth (Cervaa ainuda) is very common 
upon poplar and willow, ‘The chenlar dome-hke eggs ae tld, 
either singly or In dite groups ef Ovo or three, upon the upper 
side of the leaf, and being of it teddish colour stionply suggest 
the appearance of little galls, or the results of some other inary 





View rte—The Inna of Pasa Moth (C. efande) when anulisturbed ; 
fulleteel ; natural size, 


tothe leaf, ‘The youngest hive ie bhick, and alse vest upon 
the upper surface of the lef, resembling the datk patches which 
are commonly seen in this position, As the larva grows, the 
appiient blnels pateh would cover too lange a space, and would 
lead to datection if ft still acenpiod Une whole sun fice of the boty, 
"The latter pains a green yrowaedcolone whieh hauinemises with 
tho leaf, while the dank marking ix chielly contined to the back, 
Ag gowth proceeds Uie relative amount af presi inereases, and 
the dark mark ia thus prevented fiom attining a size which 
would render it too conspienong. Tn the Jost stage of growth 
the green darva becomes vey Jmge, and asually reste on the 
twigs of ils food-plant (Ig. 101). ‘The dark colour is still present 
on the back but is softened to a purplish tint, whieh tends to be 
replaced by a combination of white and given in many of the 
lnvgeat Invvea, Such a lurve ip well concealed by General Lies 
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lective Resemblance, and one may search a long time hefne 
finding it, although assmed of its presence fiom the stripped 
branches of the food-plant and the feces on the ground beneath, 
As soon as a large lava is discovered and distin bed it with 
diaws its head into the fist body-ring, inflating the margin, 
which is of a brighticd colow, ‘There ara te intensely black 
spoly on this margin in the 
apprapriate position for eyes, 
and the whole appearance is 
that of a lange Mat free ex« 
tending to the onter edge of 
the red margin (see big. 112), 
‘The effect 18 an intensely ex- 
agyeited enricntuce of a vor. 
tebiate face, whieh is probably 
aluuming lo the vertebrate 
he Hd tistonte ba baeetiny enemies of the exterpillar, "The 
i " ue “f wo H y 
inn Metbed. filleteds natnent ¢2ifying eect is therefine 
sive, intnetic, ‘The movements en- 
thely depend on tactile im 
presdions: when touched ever so lightly a healthy lava im- 
mediately assumes the terrifying attitude, and turns go as to 
present its full fice towards the enemys if touched on the 
othe: side or on the back it instantly tuins ite free in the ap: 
proptiate direction, ‘Lhe eftvet is also greatly auengthened by 
two pink whips which are wwifly prataded fiom Ube prongs 
of the fork in which the hady teuninates, ‘The prongs represent 
the Inst pair of larval legs which have been yently modified 
fiom thelr oudinay shapa and use. The end of the body is at 
the sume time cuuved forward over the back (generally much 
further than in Fig. 112), so Chat the pink filunents ie biandished 
above the head, 





Afiniery. 


Lastly, these facta as to imitative and conspicuous 
colouring lead on to the yet more remarkable facts of 
what is called mimicry. By mimicry is meant the 
imitation in form and colour of one species by another, 
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in order that the imitating species may be mintaken 
for the imitated, and Uhus participate in some ad- 
vantage which the latter enjoys. Far instance, if as 
in the ease of the consplenously-coloured caterpillats, 
it is of advantage to an ill-savoured species that it 
should holed out a warning to enemies, clearly it may 
be of no less advantage to a well-savoured species 
that it should borrow this flag, and thus be mistaken 
for ils ill-savoured neighbour, Now, the extent to 
which this device of mimicry is carried is highly re- 
markable, net only in respect of the number of its 
cased, bul also in respect of the astonishing accuracy 
which in most of these cases is exhibited by the 
imitation. There need be litle or virtually ne 
zoological affinity between the imitating and the 
imitated forms; that is lo say, in some cases the 
zoological affinity is not closer than ordinal, and 
therefore cannot possibly be ascribed to kinship. 
Like all the other branches of the general subject of 
protective resemblance in form or colouring, this 
branch has already been so largely illustrated by 
previous writers, thal, as in the previous cases, I need 
only give one or tivo examples, Those which I 
choose are chanen on account of the colours concerned 
not being highly varied or brilliant, and therefore 
lending themselves to less ineffectual treatment by 
woad«cngraving than is the case where attempts are 
made to render by this means even more remarkable 
instances, (Tiga, 114, 114, 1155) 

It is surely apparent, without further comment, that 
it is impossible to imagine stronger evidence in favour 
of natural selection as a truc cause in nature, than is 
furnished by this culminating fact in the matter of 


Fa, 





FIG 11y=Thiee caves of mimlery, Vrawn fram wnatire: first boa pata nat alee 
font pals A. Coll, Snag Mus). 
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protective resemblance, whereby it is shown that a 
species of one genus, fimily, or even order, will 
accurately mimic the appearance of a species be- 
jonging to another genus, family, or order, so as to 
deceive its natural enemies into mistaking it for a 
creature of so totally different a kind, And it must 
be added that while this fact of mimicry is of ex- 
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fag Inge ‘wo hither eases of mimlery ¢ Mtes redembling a waap in 
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traordinarily frequent occurrence, there can be no 
possibility of our mistaking its purpose, Tor the fact 
is never observable exeept in the case of specics which 
occupy the same area or district, : 

Such being what appears to me the only reasonable 
view of the matter, | will now conclude this chapter 
on the evidences of natural selection as at all events the 
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main factor of orpanic evolution, by simply adding 
illustrations of two further cases of mimicry, which are 
perhaps even more remarkable than any of the fore- 
going examples, The first of the two (Vig. 115) speaks 
for itself ‘The second will be rendered intelligible by 
the following few words of explanation, 

There are certain ants of the Amazons which 
present the curious instinct of cutting off leaves from 
treey, and carrying them like banners over their 
heads to the hive, a3 represented in Fig. 116, 3, where 
one ant is shown without a leaf, and the others cach 
with a leaf ‘Their object in thus collecting leaves is 
probably that of growing a fungus upon the “soil” 
which is furnished by the leaves when decomposing. 
But, be this as it may |, the only point we are now con- 
cerned with is the appearance which these ants present 
when engaged in their habitual operation of carrying 
leaves. Tor it has been recently observed by Mr, W. 
1, Selater, that in the localities where these hymenop- 
terous insects occur, there occurs also a Aomopterons 
insect which miniics the ant, leaf and all, in a wonders 
fully deceptive manner. The leaf is imitated by the 
thin fattened bedy of the insect, “which In Its dorsal 
aspecl is so compressed Interally that it is to thicker 
than a leat, and terminates in a sharp jagged edge,” 
The colour is exactly the same as that of a leaf, 
and the brown legs show themselves bencath the 
green body in just the same way as those of the ant 
show themselves beneath the leaf So that both the 
form and the colouring of the homopterous insect has 
been brought to resemble, with singular exactness, 


4 Yor a full account of this inatinct and its probable purpose, see 
Antual Lutalligence, pp, 93-6. 
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those holonging to a different order of insect, when 
the Jatter is engaged in its peculiar avocation. A 
glance af the figme is cnough to show the means 
employed and the result attained. Tn A, an ant and 
iis mimic ave represented as about 24 times: thei 
natural size, and both proceeding in the sane direction, 
Tt onght to be mentioned, however, that in reality 
the margin of the leaf fs seldom Allowed to velain its 
natural serrations as here depicted: the ants wually 
ynaw the edpe of the real leafy so that the mupin of 
the false one hears an even closer resemblance to it 
than the illustration represents, 3 isa dnawing: from 
life of a group of five ants carnying leaves, and their 
mimic walking heside them 4 

1 Bath drawhystare produced fom Ve, Poulton's patper apart the 
ubjet (Zor. Ad, Ser, June th, bgt) 
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CHAPTER IX, 


CRITICISMS OF ‘TIE TIRORY OL NATURAL 
SPLLCTION, 


TWILL now proceed to consider the various objccs ” 
tions and difficulties which have hithetto been advanced 
against the theory of natural selection. 

Very early in the day Owen hurled the weight of 
his authorlty against the new theory, and this with i 
strength of onslaught which was only equalled by its 
want of judgment. Tndead, it is painfully apparent 
that he failed 4o apprehend the fundamental principles 
of the Darwinian theory, Tor he says: - 

Natual Selection is an explanation of the process fof tans 
mulation] of the same kind and value as that whieh has been 
proffered of the myatery of “section” Tor example, a par- 
tenlar mass of matter ina living animal takes certain elements 
ont of the blood, and rejects them as nile! Atuibutes were 
given to the liver whieh can only be predicated of the whale 
animal; the “appetency” of the liver, it was said, was for the 
elements of bile, and “bilivsity,” or the “hepatic sensation,” 
guided the gland to Uiein secetion, Such figuiative language, 
T need not say, explains absolutely nothing of the nature of 
hilificntion !, 


Assuredly, it was needless for Owen to say that 
figurative language of this kind explains nothing ; but 


" Anatomy of Vertebrates, vol. tik pg. 
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it was little Jess than puerile in him to see no more 
in the theory of natural selection than such a mere 
figure of specch, ‘Lo aay that Che liver selects (he 
elements of bile, or that nature selects specific types, 
may both be equally unmeaning restatements of frets; 
but when jf is explained that the term natural seloce 
tion, unlike that of “hepatic sensation,” is used as 
a shorthand expression for a whale group of well. 
known natural causes strugple, viriation, survival, 
heredity, then it hecumes evidence of an almost 
childish want of thonght to affirm that the expression 
is figurative and nothing more The doctrine of 
natural selection may be a lage mistuke j bat, if so, 
this is not because it consisty of any unmenning 
metaphors it can only be because the combination of 
natural causes which it suggests is not of the same 
Adequacy in fact as itis taken to be in theory, 

Owen further objected Unt the struygile for existence 
could only act as a cause of the extinction of species, 
not of their origination a view of the ease whieh again 
shows on his pata complete failure to prasp the 
conception of Darwinism, Acting: dene, the struggle 
for existence could only cause extermination ¢ but 
acting Lopether with variation, survival, and heredity, 
it may very well for anythinge thal Owen, or others 
who followed fn this line of critigizm, show to the 
contrary--have produced every speces of plant and 
aninial that has ever appeared apon the fice of the 
garth, 

Another and closely allied objection is, that the 
theory of natural selection “personites an abstrace 
tion” Or, as the Duke of Arpyll states it, the theory 
is “essentially the intyse of mechanical necessity 
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concemled under the clothes, and parading inthe mask, 
of mental purpose ‘The word Cnatural’ suggests 
Matter, and the physical forees. ‘The word ‘selection’ 
“suggrests Mind, and the powers of choice.” ‘This, how- 
ever, is a mere quarrelling about words. Darwin 
culled the principle which he had discovered by the 
name natural selection, in order to mark the analopy 
between it and artificial selection, No doubt in this 
analogy there is not necessarily supposed to be in 

J nature any counterpart to the mind of the breeder, nor, 
therefore, to his powers of intelligent choice, But 
there is no need to limit the term selcedion (se and lego, 
Gr, Ady) to powers of intelligent choice. As previously 
remarked, a bank of sea-weed on the seashore miu he 
said to have been selected by the waves from all the 
surrounding sand and stones. Similarly, we may say 
that grain is selected from chaff by the wind in the 
process of wimowing corn, Or, if it be thought that 
there is any ambiguity involved in such a use of the 
term in the case of “ Natural Selection,” there is no 
objection to employing the phrase which has been 
coined by Mr Spencer as its equivalent --namely, 
« Survival of the Fittest.” The point of the theory is, 
that those organisms which are best suited to their 
surroundings are allowed to live and lo propagate, 
while these which are lesa suited are eliminated ; and 
whether we call this process a process of selection, ar 
call it by any other name, is clearly immaterial. 

A material question is raised only when it is asked 
whether the process is ong that can he ascribed to 
causation strictly natural Te vis allen cented” uit 
such is the case, on the ground that natural selection 
does not originate the variations which it favours, 
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but depends upon the variations beings supplied by 
some other means. For, itis said, all that natural 
selection does is to preserve the suitable variations 
after they have arisen, Natural selection does not 
cause these suitable variations; ind therefore, it is 
argued, Darwin and his followers are profoundly 
mistaken in representing, the principle as one which 
produces adaptations, Now, although this objection 
has been put forward by some of the most intellipent? 
minds in our generation, it appears lo me to betoken 
some extraordinary failure to appreciate the very 
essence of Darwinian doctrine, No doubt it is per 
fectly (ue that natural selection docs not produce 
variations of any kind, whether benefieial or others 
wise, But if it be granted that variations of many 
kinds are occurring in’ every generation, and that 
natural’ scleclion is competent to preseive the more 
favourable among them, then it appears to me 
unquestionable that this principle of selection deserves 
to be reparded as, in the full sense of the word. a 
natural cause, ‘The variations being expressly re 
garded by the theory as more or less promiscuous, 

The dagee de whieh yvariabltity is budetindte, ory an the eoukary, 
dlererminate, ia a qiestion which ik tat yet dpa: tor decision ner even, 
in my opinion, for digwedon, Bat Dinay bere state the tellawhyr general 
planeipdes with vege Ga it, 

CF) Tete evident that np te seaie pail or anther variations aide be 
pre detenmined fi detniite Hien, Mado net paithor prapencttan thou, 
ye fom (hatha, ner cveinessiescd Rom awcotbrhita Te other words, 
“dro nating ab the organi? da all eet nec nttates the Handthye al 
variations within certain bouts, 

2) Tint when the ypcation it as to what diese bound may bey we ean 
only nipwer fia ener way that, aveonding to thy genend theory of 
evolution, Hey mint he mache as are dinpased by leredity, comply with 


the degree ta which external eoulithans ef Hfe Gaul pootbly alin tac 
inhevitmee) are capable fa given canes, of inadllyiyge congeuttal 


Criticisnes of Theory of Natural Selection, 247 


survival of the fittest becomes the winnowing fan, 
whose function it ix lo eliminate all the less Gt in 
Peach ponenttion, ty order to preserve the good grain, 
out of which to constilule the next generation, And 
as this process ia supposed Lo be continuous through 
successive penerations, ils action is supposed to be 
cumulative, till from the eye of a worm there is 
eradually developed the eye of an eagle Therefore 
it follows from these suppositions (which are not 
disputed by the present objection), chat if it had not 
been for the process of selection, such development 
would never have been beyun ; and that in the exact 
measure of its efficiency will the development: pros 
ceed. ut any agency without the operation of 
which a result cannot take place may properly be 
designated the cause of that result: it is the agency 
which, in co-operation with all the other agencics 
in the cosmos, produces that result. 


~L 





characters, "These are the only causes which the theory of descent ean 
consintently recognise as producing vadations in determinate directions. 
(3) Inatuuch as varintion presupposes the existence of parts Unit 
vary, wud inasmuch at the variation of pacts an only be in the alteia 
tive directions of inerease or deercaxe aronnd an average, It follows thats 
in the fiat instance at all events, every varlatlon, {f determinate, must 
he wo only ty one oF other nf tise Gye oppogite dictions, 
44) Tas far as variations ave anmmnted in sttecessive generations, so 
ny eventually to give rine to new struetires, ogaus, mechanisms, Key 
natinal selection by theoretteally conipetent to explain the fneta, without 
at hnvlye to postulate the operation of anknown causes producing 
variations indeterminate tines, or net finther (han is stated in paras 
ginpha T and a. 
(8) Nevertheless, It does nat follow that there are not such other 
nuiknewn cates ¢ and, If there are, of course the Importance of natural 
{sloation aga ene af slaptive modification would be limited in pro- 
\s portion to their manber and the extent of thelr operation, But it is for 
" (hoas who, like the Inve Tratesiors Aga Gray and Nigeli, maintain the 

extatence of such eniics, to substantiate their bellef by indicating them. 

* “4 
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Take any analogous case. ‘The selective agency 
of specific gravity which is utilised in: yold-washing 
does not create the oripinal differences between gold. 
dust and dust of all other kinds. Bul these: differ. 
ences being presented by as many: dilferent: bodies 
in nature, the gold-washer takes advantiyre of the 
selective ageney in question, and, by using: it as a 
cause of seprepation, is cnabled to separate the pold 
from all the eacths with whieh i may happea to be 
‘nixed. So far as the objects of the pold-washer are 
concerned, it is immaterial with what other earths 
the pold-dust may happen to he mixed. Vor 
although gofd-dust may occur in intimate association 
with earths of various kinds in various proportions, 
and although in each case the particular admixture 
which occurs must have been due to definite cituses, 
these things, in relation to the selective: process of 
the washer, are what is called accidental: that js 
lo say, they have nothing to do with the causative 
action of the selective process, Naw, in’ precisely 
the same sense Darwin calls the multitudinous varit- 
tions of plants and animals accident. Wy se calling 
them he expresaly says he doe net suppose them 
lo he acvidental inthe sense of not al beings clue 
to definite causes. But they are aceidentul in roles 
Hien to the stfling: process of natural selections all 
that they have to de is to finish the promiscuous 
outterial on whieh this sifting: process nels, 

Or Jet og take an even closer analogy, The power 
of selective breeding hy man is so wonderf, chat in 
the course of sneeessive generations all: kinda of 
peculiarities as to size, shape, colour, special appen- 
dages or abortions, &e. can be produced at pleasure, 
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as we saw in the last chapter. Now all the prontis- 
cuous varintions which are supplicd to the breeder, 
and out of which, by selecting only those that are 
suited to his purpose, he is able to produce the 
required result: add those promiscuous variations, in 
rolaion to Ut purpose, are accidental. Therefore 
the selective agency of the breeder deserves: to be 
regarded as (he cause of that which il produces, or 
of that which could not have been produced but for 
the operation of such agency. But where is the 
difference between artificial and natural selection in 
this respect? And, if there is no difference, is not 
natural selection as much cntilled lo be regarded asa 
true cause of the origin of natural spe species, as artificial 
selection is ta be regarded as a true cause af our 
Momesticated races? Tere, as in the case of the 
previous illustration, if there be any ambiguity in 
speaking of variations as accidental, it arises from 
the incorrect or undefined manner in which the term 
“aceldental is used by Darwin's critics. In its 
original aad philosophically-correct usage, the term 
“accident” signifies it property or quality not essential 
to our conception af i substance: hence, it has come 
to mewn anything that happens asa result of unfore- 
seen causes-or, laslly, (hat which is causeless. But, 
as we know that nothing can happen without causes 
of some kind, the term “accident,” is divested of real 
meaning when it is used in the last of these senses. 
Yet this is the sense that is sought to be placed upon 
it by the objection which we are considering, If the 
objectors will but understand the term in ils correct 
philosephical sense—or in the only setise in which 
it presents any menning at all,--they will see that 
4% 
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Darwinians are both logically and historically justified 
in employing the word “ acciclen til "as the word 
which serves most properl}"to convey the meaning 
that they intend -namely, variations duc to causes 
accidental to the struggle for existence. Similarly, 
when it is said that variations are “ spontaneous,” 
or even “fortuitous,” nothing further is meant than 
that we do not know the causes whieh Jead to them, and 
thal, so far as the principle of selection is concerned, 
it is immaterial what these causes may he Or, to 
revert to our former illustration, the various weights 
of different kinds of caiths are no doubt all due to 
definite causes; but, in relation to the selective 
action of the gold-washer, all the different weights 
of whatever kinds of carth he may happen to in- 
clude in his washing-apparatus are, s/rfedly speaking, 
accidental, And as at different washings he meets 
with different proportions of heavy earths with light 
ones, and as these “variations” are imonucrial to him, 
he may colloquially speak of them as “ fortuitous,” or 
due to “ chanee,” even though he knows that at each 
washing they must have been determined by definite 
causes, 

More adequately to deal with this merely*formal 
objection, however, would involve more logic-chop- 
ping than is desirable on the present occasion, But 
T have already dealt with it fully clsewhere,—viz, in 
The Contemporary Review for June, 1888, to which 
therefore I may refer any one who is interested in 
dialectics of this kind 4, 


* Within the Inst few months this pbjectlon has been prgaented anew 
by Mr. D. Syme, whose hook Ou the Modification of Orgaurtsms oxhibits 
a curious combination of shiewd criticisma with alinost Indicrous mis. 
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T will now pass on to consider sunother miscon- 
ception of the Darwinian theory, which is very 
prevalent in the public mind, Tt is virttully asdeed, 
Tf some species are supposed to bitve heen improved 
by natural selection, why have not all species been 
similarly improved? Why should net all inverte 


miderstqndings, One of the Tatter i ds nece ity te state, begun it 
pervades the quotation whieh Tan about ta mupply, He everywhere 
compares “natural elec thom” with Che xtupggte for eadstaies," tees 
them as convertible derma, aud while abanedly atutings that Darin 
defines natural acleclion ay the stuggde for ovistence,” compu of 
“the Hability of error, both on bis own part amd onthe part af his 
readers.” which mines hom his not having everywhere adhert to thre 
definition} (p. 8). 

“Darwin has put forth two divthict and vontuedth tory thearion of the 
functions of natural xelectlon, Aeconding to Une one theary nataral 
selection is selective or prcnervative, and nothayg more, Accnding to 
the other theory natural seh cdon creates the waritions (1). Wovere 
tainly seems abaud to speak: of natiual selection, ar thy striygle fur 
exigtence, as selective or preservative, for the atrugyle tat existence 
does not preserve at all, nat even the ht voiationt, as beth the tt 
anil the mnfit tragyde for evitence, the wait uatimally more than the 
fit, and the Ht are prescived, not ln vonseqmenes ob the struggle, but dn 
consequence of thelt fitness, Suppose Ovo warletos of Uhe sate xpecten 
are daven, by an ine ase of their nwinbers, to neck tor sttoditange feat 
colder region than they Ive been aecnatemed te, mid hat one af these 
yatietios had a bardiee eonstitndon tan the others id cw suppose 
that the former withstood the xevae elimate better than the latter, aunt 
consequently nuiyived, while thy other perlsbad, Tn this eave the haslict 
aurvived, not became of the stiaggde, Tit becuse Thad ac enmtitution 
Detter adapted te the climate. Tvih te nxeentada i? a certain metal in 
my poseusrion ix old or sone Taser nictal, aul TE aqaply the duel teat; 
but the mere fret of my teathig thie metal weal net mnke ft old orany 
othar kind af metal” 

Thave thought It wath while to quate thin passage for the sake of 
showing the extrordiaary contusion of mbul whieh woll prevails on the 
part of Dnnwvin's critica, even with aferawe to the very fimelamental 
parls of hin they, Mor, aa 1 have sald, the writer of tila powsaye alana 
himself a shiewd critic In same other poate of his eway, where he is net 
ongaged especially on the theory of natinal selection. 
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brated animals have risen into vertebrated? Or why 
should not all monkeys have become men? 

The answers are manifold. In the first place, it 
by no means follows that because an advance in 
organization has proved itself of benefit in the case 
of one form of life, therefore any or every othar 
form would have been similarly benefited by a 
similar advance. The business of natural selection 
is to bring this and that form of life into the closest 
harmony with its environment that all the conditions 
of the case permit. Sometimes it will happen that 
the harmony will admit of being improved by an 
improvement of organization, But just as often it 
will happen that it will be best secured by leaving 
matters as they are, Tf, therefore, an organism has 
already been brought into a tolerably full degree of 
harmony with its environment, natural selection will 
nol try to change it so long as the environment 
remains unchanged 5 and this, no doubt, is the reagon 
why some species have survived through cnormous 
periods of geological time without having undergone 
any change. Again, as we saw in a previous chapter, 
there are yet other cases where, on account of some 
change in the environment or even in the habits of the 
organisms themselves, adaption will be best secured 
by an active reversa/ of natural selection, with the 
result of causing degeneration, 

But, it is sometimes further urged, there are cases 
where we cannot doubt that improvement of organi- 
zation would have been of benefit to species; and 
yet such improvement hag not taken place-~as, for ine 
stance, in the case all monkeys not turning into men. 
Here, however, we must remember that the operation 

a 
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of natural selection in any case depends upon a variely 
of highly complex conditions; and, therefore, Unit the 
fact of all those conditions having: been satisfied in 
one ingtince is no reason for concluding that they 
must also have been salisfied in other instances, ‘Take, 
for example, the case of monkeys prissinp inte men, 
The wonder to me appears to be that this imprave- 
ment should have tuken place in even one line of 
descent; not that, having taken place ino one line, 
it should oot also have laken place in other lines. 
For how enormously complex must have been the 
conditions physical, anatomical, physiological, psy- 
chological, sociological -which by their happy ¢an- 
junction first began to raise the inarticulate cries of 
an ape into the rational speech of aman, ‘Therefore, 
the more that we appreciate the superiority of a man 
do an ape, the Jess ought we to countenance this 
supposed objection to Darwin's theory--namely, Util 
natural selection has not effected the change in more 
than one line of descent. 

Liven in the case of two races of mankind where 
one has sisen higher in the scale of civilization 
than another, it is new generally impossible to anal 
the particular causes of the difference; much mare, 
then, must this be impossible in the case of still more 
remote conditions which have led to the divergence 
of species, ‘The requisite variations may not have 
arigen in the one line of descent which did arise in 
the other; or if they did ein beth, some 
counterbalancing disadvantages may have attended 
their initial development in the one case which 
did not obtain in the other. In shot, where 
so exceedingly complex a play of conditions are 
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concerned, the only wonder would be if twe different 
lines of descaitt Aad happened to present: two ine 
dependent and yet perfectly parallel lines of history, 

‘These general considerations would apply equally 
lo the great majority of other cases where some types 
have made great advances upon others, nolwithstand 
ing that we can see no reason why the latter: should 
not in this respect have imitated the former, But 
there is yet a further consideration whieh must: be 
taken into account. The strupyle for existence is 
always most keen between closely allied species, be. 
cause, from the similarity of their forms, habits, needs, 
&c,, they are in closest competition, ‘Therefore tt often 
happens that the mere fact of one specics having made 
an advance upon others of itself precludes the others 
from making any similar advance: the field, soto 
speak, has already heen oceupled as regards that 
particular improvement, and where the strugele for 
existence is concerned possession is emphatically nine 
points of the Jaw. For example, to return to the 
case of apes becoming men, the fact of one rational 
species having been already evolved (even if the 
rational facully were at first but dimly nascent) must 
mike an cnormous change in the conditions ag 
regards the possibility of any athar such species leings 
subsequently evolved unless, of course, it be by 
way of descent from the rational one. Or, as Sir 
Charles Lyell has well put it, two rational species can 
never cocvés? on the globe, although the descendants 
of one rational species may in time become frans- 
Jormed into another single rational species 

Tn view of such considerations, another and exactly 

1 Principles of Gealogy, vole ite yn 487 (ith ed), 
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opposite objection has sometimes been wupged-~ viz. 
that we ought never toe find inferior forms of ov- 
ganization in company with superior, because in the 
strugple for existence the latter oughtto have exter- 
minated the former. Or, to quote the most recent 
expression of this view, “in every Jocility there 
would anly bo ane species, and that the most highly 
organized ¢ ind thas a few superior races would par- 
tition the earth amongst them to the entire exclusion 
of the immumerable varieties, species, genera, and orders 
which now inhabit it" Of course to this statement 
it would be sufficient to enguire, On what would these 
few supremely organized species subsist? Unless 
manna fell. from heaven for their especial benefit, it 
would appear that such forms could under no cireum~ 
stances be the most improved forms; in exterminating 
others on such a scale as this, they would themselves 
he quickly, and very Hterally, impraved off the face 
of the earth, Bul even when the statement is not 
made in so extravagant a form as this, it must neces- 
sirily be fatile as an objection unless it has first been 
shown that we know exactly all the conditions of the 
complex slrugyle for existence between the higher 
and lower formy in question. And this it is impos- 
sible that we ever can know, The mere fact that 
one form haa been changed in virtue of this struggle 
must in many citses of itself determine a change in 
the conditions of the strugele. Again, the other 
and closely allied forms (and these furnish the best 
grounds for the objection) may also have under- 
gone defensive changes, although these may be 
less conspicuous to our observation, or perhaps less 
' Syme, on the afdification of Organisms, p. 4G. 








346 Darwin, and after Darwin « 


suggestive of “impravement” to our imperfect 
means of judging, Lastly, not to continue citing 
an endicss number of such considerations,’ there is 
the broad fact that it is only to those cases where, 
* for some reason or another, the lower forms have 
not been exposed to a struggle of fatal intensity, that 
the objection applies. But we know that in millions 
of other cases the lower (ie. less fitted) forma Aave 
succunbed, and therefore FE do not sce that the ob« 
jection has any ground to stand upon, ‘That there is 

a geneial tendency for lower forms to yield their 
places to higher is shown by the gradual advance of 
organization throughout geological time ; for if a/? the 
inferior forms had survived, the cath could not have 
contained them, unless she had been continually 
growing into something like the size of Jupiter. 
And if it be asked why avy of the inferlor forms 
have suvived, the answer has already been given, 
as above, 

* There is only one olher remark to be made in this 
connexion. Mr. Syme chooses two cases ag illus. 
trations of the supposed difficulty. These are suf- 
ficiently diverse—viz. Foraminifera and Man, Touch 
ing the former, there is nothing that need be added 
to the general answer just given. But with regard to 
the latter it musl be observed that the dominion of 
natuial selection as betweeh different races of mans 
kind is greatly restricted by the presence of rationality, 
Competition in the human species is more concerned 
with wits and ideas than with naila and teeth; and 
theiefore the “struggle” belween man and man is 
not so much for actual deéng, as for well-being, Con- 
sequently, in regard to the present objection, the 
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human species furnishes the worst example that could 
have been chosen. 


Iitherto I have been considering objections which 
atise from misapprehensions of Darwin's theory. T 
will now go on lo consider a logically sound ob- 
jection, which nevertheless is equally futile, because, 
although it does nal depend on any misapprehension 
of the theory, it is not itself suppoiled by fact. 

The objection is the same as that which we have 
already considered in relation to the general theory of 
descent—-namely, that similar organs or structures 
are to be met with in widely different branches of the 
tree of life) Now this would be an objection fatal to 
the theory of natural selection, supposing these organs 
or structures in the cases compared are nol merely 
analogous, but also homologous. For it would be 
ineredible that in lwo totally different lines of deacent 
one and the same structure should have been built up 
independently by two parallel series of variations, and 
that in these two lines of descent it should always and 
independently have ministered to the same function, 
On the other hand, there would be nothing against 
the theory of natural selection In the fact that two 
atructures, vo/ homologous, should come by inde- 
pendent variation in two different Ifnes of descent to 
be adapled to perform the same function, For it 
belongs to the very essence of the theory of natural 
selection that a useful function should be secured by 
favourable variations of whatever atructural material 
may happen to be presented by different organic 
typea. Flying, for Instance, js a very useful function, 
and it has been developed independently in at lenat 
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four different lines of descent—namely, the insects, 
teptiles, bids, and mammals, Now if in all, or in- 
deed in any, af these four cases the wings had been 
developed on the same anatomical pattern, so as not 
only to present the analogical resemblance which it ts 
necessary that they should present in order to dis- 
chaige their common function of fying, but likewise 
an homologous or structural resemblance, showing 
that they had been formed on the same anatomical 
“plan,’—if such has been the case, I say, the theory 
of natural selection would certainly be destroyed. 

Now it has been alleged by competent naturalists 
that there aic several such cases in oiganic nature. 
We have already noticed in a previous chapter 
(pp. 58, 59), that Mr. Mivait has instanced the eye 
of the cuttle-fish ag not only analogous to, but also 
“homologous with, the eye of a true fish—that is to 
say, the cye of a mollusk with the eye of a vericbrate. 
And he has also instanced the remarkable resemblance 
of a shrew to a mouse—that is, of an insectlvorous 
mammal to a rodent—not to mention other cases, 
In the chapter alluded to these instances of homo- 
logy, alleged to occur in different branches of the trec 
of life, were considered with reference to the process 
of organic evolution as a fact: they are now being 
considered with reference to the agency of natural 
selection as a method. And just as in the former 
case it was shown, that if any such alleged instances 
could be proved, the proof would be fatal to the 
general theory of organic evolution by physical 
causes, so in the present case, if thia could be 
proved, it would be equally fatal to the more spe- 
cial theory of natural selection, But, as we havo 
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before scen, no single case of this kind has ever been 
made out; and, therefore, net only does this sup- 
posed objection fall to the ground, but in av doing it 
furnishes an additional argument in favour of natural 
selection, (or in the earlier chapler just alluded to 
I showed thal this preat and general fact of our no- 
where being able to find two homologous structures 
in different branches of the ee of life, was the 
strongest possible testimony in favour of the theory 
of evolution. And, by parity of reasoning, I now 
adduce it as equally surong evidence of natural selec- 
tion having been the cause of adaptive structures, 
independently developed in all the different lines of 
descent, For the alternative is between adaptations 
having been caused by natural selection or by super+ 
natural design, Now, if adaptations were caused by 
natural selection, we can very well understand why ’ 
they should never be homologous in different lines of 
descent, even in cases where they have been brought 
to be $0 closely analogous aa to have deceived so 
good a naturalist as Mr. Mivarl. Indeed, aa f have 
already observed, so well can we understand this, 
that any single instance to the contrary would be 
sufficient Lo destroy the theory of natural selection de 
toto, unless the structure be one of a very simple type. 
But on the sother hand, it is impossible to suggest 
any rallonal explanation why, if all adaptations are 
due to supernatural design, such scrupulous care 
should have been taken never to allow homologous 
adaptations to occur in different divisions of the animal 
or vegetable kingdoms, Why, for instance, should 
the eye of a cuttle-fish wo? have been constructed on 
the same Ideal pattern ag that of vertebrate? Or why, 
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. 
among the thousands of vertcbrated species, should no 
one of their cyes be constructed on the ideal pattern 
that was devised for the cuttle-fish? Of couse it may 
be answered that perhaps there was some hidden reason 
why the design should never have allowed an adapta- 
tion which it had devised for one division of organic 
nature to appear in another--cven in cases where the 
new design necessitated the closest possible resem 
blance in everything clse, save in the matter of anatomi- 
cal homology. Undoubtedly such may have been the 
case—or tather such west have been the case—if the 
theory of special design is true. But where the ques- 
tton is as lo the truth of this theory, I think there can 
be no doubt that its rival gains an enormous edvan- 
lage by being able to etA/aiv why the facts are such 
as they are, instead of being obliged to take refuge 
in hypothetical possibilitics of a confessedly unsub-« 
stanlialed and apparently unsubstantial kind, 

Therefore, as far as this objection to the theory of 
natutal selection is conceined-—or the allegation that 
homologous stiuctures occur in different divisions of 
organic nalure—not only does it fall to the ground, 
but positively becomes itself converted into one of the 
sliongest arguments in favour of the theory. As 
soon as the allegation is found to be baseless, the 
very fact that it cannot be brought to bear upon any 
one of all the millions of adaptive structures in 
organic nature becomes a fact of vast significance on 
the opposite side, 

The next difficulty to which I shall allude ig that 
of explaining by the theory of natural selection the 
preservation of the first beginnings of structures which 
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are then useless, though afterwards, when more fully 
developed, they become useful. Mor it belongs to 
the very essence of the theory of natural selection, 
that a structure must be supposed already useful 
before it can come under the influence of natural 
selection: therefore the theory seems incapable of 
explaining the origin and conservation of daripient 
organs, or organs which are not yet sufficiently 
developed to be of any xeivice to the organisms 
presenting them, 

This objection ix one that has been advanced by 
all the critics of Darwinism ; but has been presented 
with most ability and foree by the Duke of Argyll. I 
will therefore state it in his words, 

If the doctiine of evolution be true that te to say, if all 
organic creatures have been developed by odinuy generation 
from pments~ then it follows of necessily that the primeval 
yoime must have contained potentially the whole succeeding 
seties, Maorcover, if that series has peen developed gradually 
and veryrslowly, it follows, also ng a matter of necessity, that 
every modificytion of structure must have been fanctionless st 
first, when it began to nppear,... Things cannot be selected 
until they have fhat been produced. Nor can any stineture 
he selected by utility m the struggle for exietenca until it haa 
not only been produced, but has been go far perfected as to 
actually be used. 


The Duke proceeds to argue that all adaptive 
structures must therefore originally have been due 
to special design: in the earlier stages of their develop- 
ment they must all have been what he calls “pro« 
phetic germs.” Not yet themselves of any use, 
and therefore not yet capable of being improved by 
natural sclection, both in their origin, and in the first 
stages (at all events) of thelr development, they must 
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be regarded as intentionally preparatory to the 
various uses which they subsequently acquire, 

Now this atgument, forcible as il appears at first 
sight, is really at fault both in ils premiss and in its 
conclusion, By which I mean that, in the first place 
the premiss is not tue, and, in the next place, that 
even if it were, the conclusion would nol necessarily 
follow, The premiss is, “that every modification of 
structure must have been functionless at first, when it 
began to appear ;" and the conclusion is, that, gud 
functionless, such a modification cannot have been 
caused by natural selection, I will consider these two 
points separately, 

Fust as to the premiss, it is not true that every’ 
modification of structure must necessarily be function- 
less when it fist begins to appear, There are two 
very good reasons why such should not be the case in 
all instanees, even if it should be the case in some, 
For, as a matter of observable fact, a very large 
pioportional number of incipient oigans are useful 
fiom the very moment of their inception’ Take, for 
example, what is perhaps the most wonderful instance 
of refined mechanism in nature~the eye of a verte- 
brated animal. Comparative anatomy and embryology 
combine to testify that this organ had its origin in 
modifications of the endings of the ordinary nerves 
of the skin. Now it is evident that from the very 
first any modification of a culaneous nerve whereby it 
wag rendered able, in however small a degree, to be 
differently affected by light and by darkness wonld be 
of benefit to the creature presenting it; for the 
creature would thus be able to seck the one and shun 
the other according to the requirements of its life, 
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And being thug useftl from the very moment of its 
inception, it would afterwards be gradually improved 
as variations of more and more utilily presented them- 
selves, until not only would finer and finer degrees of 
difference between light and shade become perceptible, 
but even the outlines of solid bodies would begin to 
be appreciated. And so on, slage by stage, ull from 
an ordinary nerve-ending in the skin is evolved the 
eye of an engle. 

Moreover, in this paiticular instance there is very: 
good reason to suppose that the modification of the 
cutancous nerves in question began by a progressive 


* {nerease in their sensitivencss to temperature. Wher- 


Bere 


ever dark pigment happened to be deposited in the 
skin—and we know that in all animals it is apt lo be 
deposited in points and patches, as it were by accident, 
or without any “prophecy” as to future uses,—the 
cutancous nerves in its vicinity would be better able 
to appreciate the difference between sun and shade in 
respect of temperature, even though as yet there were 
no change al all in these cutancous nerves tending to 
make them responsive to light. Now it is casy to see 
how, from such a purely accidental beginning, natural 
selection would have had, from the first sufficient 
material to ach upon. It being of advantage to a 
lowly creature that it should distinguish with more 
and more delicacy, or with more and more rapldity, 
between light and dakness by means of its thermal 
sensations, the pigment spots in the skin would be 
rendered permanent by natural selection, while the 
nerves in that region would by the same agency 
"be rendered more and more specialized as organs 
| adapted to perceive changes of temperature, until 
Ag 
‘ 
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‘from the stage of responding to the thermal rays 
of the non-luminous spectrum alone, they become 
capable of responding also to luminous, 
. So much, then, for the first consideration which 
serves to invalidate the Duke's premiss, The second 
consideration is, that very often an organ which began 
by being useful for the performance of one function, 
after having been fully developed for the performance 
of that function, finds itself, so to speak, accidentally 
fitted to the performance of some other and even more 
important function, which it thereupon begins to 
discharge, and so to undergo a new course of adaptive 
development, In such cases, and so far as the new 
function is concerned, the difficulty touching the first 
inception of an organ does not apply; for here the 
oigan has already been built up by natural selection — 
for one purpose, before it begins to discharge the 
other, As an example of such a case we may take 
the lung of an air-breathing animal, Originally the 
Jung was a swim-bladder, or float, and as such it was 
of use to the aquatic ancestors of terrestrial animals, 
But as these ancestors gradually became more and more 
amphibious in their habits, the swim-bladder began 
more and more to discharge the function of a lung, 
and so to take a wholly new point of departure as. 
regards its developmental history, But elearly there 
is here no difficulty with regard to the inception of its 
new function, because the organ wag already well 
developed for one purpose before it began to serve 
another, Or, to take only one additlonal example, 
. there are few structures in the animal kingdom ‘so 
® remarkable in respect: of adaptation ag is the wing of 
« @bitd or a bat; apd at first sight it might well. appear 
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“that a wing could be of no conceivable use until it had 
already acquired enormous proportional dimensions, 
as well as an immense amount of special elaboration 
as ‘to its general form, size af muscle, amount of blood- 
supply, and so on. For, obviously, not until it had 
attained all these things could it even begin to raise 
the animal in the air, But observe how fallacious is 
this argument. Althaugh i¢ is perfectly true that a 
wing could be of no use as a wing until sufficiently 
developed to serve the purpose of flight, this is merely 
to say that until it has become a wing it is no use as 
a wing. It docs not, however, follow that on this 
account it was of no prior use for any other purpose, 
The first modifications of the fore-limb which ended 
in its becoming an organ of flight may. very well have 
heen due to adapting it as an organ for increased 
‘rapidity of locomotion of other kinds—whether on 
land as in the case of its now degenerated form in the 
ostrich, or in water as in the case of the expanded fins 
of fish. Indeed, we may see the actual process ‘of 
transition from the one function to the other I the: 
case of " flying-fish.” Here the progressive expansion 
‘of the pectoral fins must certainly have been. always 
of use for continuously promoting rapidity of loco. 
motion: through water; and thus natural selection . 
may have continuously increased thgir development 

a wnul they now begin to serve also as witigs for carry. 

/ Ing the animal a short distance through alr, Again, 

» iti the cage of the so-called flying squirrels we find the 

: Iimbs united to the hody by means of large extensions 

/ of the skin, 8o that when jumping from: one tree to 
“ Nnother the animal is able to stistain Itself through a 

: Ing: distance in the alr by merely spreading out its 

— Aga . 


‘ 
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limbs, and thus allowing the skin-exlensions to act 
afler the manner ofa parachute. Tere, of course, we 
have not yet got a wing, any more than we have in 
the case of the flying-fish ; but we have the founda- 
tions laid for the possible development of a future wing, 
upon a somewhat similar plan as that which has been 
so wonderfully perfected in the case of bats, And 
through all the stages of progressive expansion which 
the skin of the squire! has undeigone, the expansion 
has been of use, even though it has not yet so much 
as begun to acquire the distinctive functions of a wing. 
Here, then, there is obviously nothing “ prophetic” in 
the matter, any more than there was in the case of the 
swim-bladdcr and the lung, or in that of the nerve- 
ending and the eye. In short, it is the business of 
natural selection to secure the highest available degree 
of adaptation for the time being; and, in doing this, 
it not unfrequently happens that an extreme develop- 
ment of a structure in one direction (produced by 
natural selection for the sake of better and better 
adapting the structure to perform some particular 
function) ends by beginning Lo adapt it to the peiform- 
ance of some other function, And, whenever this 
happens to be the case, natural selection forthwith 
begins to act upon the structure, so lo speak, from a 
new point of departure, 
So niuch, then, for the Duke's premiss--namely, 
re susie. aslification, of of structure west have, been w 
x This 
ere is clearly opposed to observable fac. But 
now, the second position is that, even If this were not 
so, the Duke’s conclusion would not follow. This 
conclusion, it will be remembered, fs, that if incipient 
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structures are useless, it necessarily follows that natural 
selection can have had‘ no part whatever in their 
inception, Now, this {s a conclusion which does not 
“necessarily” follow. Tiven if it be yranted that there 
are structures which in their first beginnings ae not 
of any use al all for any purpose, it is still possible 
that they may owe their origin to natural selection 
not indecd diseetly, but indirectly. This possibility 
Rrises Irom the occurence m nature of a principle 
which has been called the Correlation, af G vowth, 

M+. Darwin, who has paid more attention to this 
matter than any other wriler, has shown, in consider. 
able detail, that all the paits of any given oiganism 
ave so intimately bound together, or so mutually 
dependent upon each other, that when one part is 
caused to change by means of natural selection, some 
other parts are very likely to undergo modification as 
aconsequence, Jor example, there are several kinds 
of domesticated pigeons and fowls, which grow peculiar 

“wing-like feathers on the fect, These are quite unlike 
all the other feathers in the aninial, except those of 
the wing, to which they bear a very remarkable re~ 
semblance, Mr. Darwin records the case of a bantam 
where these wing-like feathers were nine inches in 
length, and I have myself-seen a pigeon where they 
reproduced upon the feet a close imitation of the 
different kinds of feathers which occupy homologous 
positions in the wing—primariea, seconcariés, and 
tertiaries all being distinctly repeated in their proper 
anatomical relations, Turthermore, in this case, 
as in most cases where such wing-featherg occur 
upgn the feet, the third and fourth tocs were partly 
united by skin; and, as is well known, in the wing 

thy 1 
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of a bird the third and fourth digits are completely 
ulited by skin; “so that in feathcr-fooled pigeons, 
not only docs the exterior surface support a row of 
long feathers, like wing-feathers [which, as just slated, 
may in some cases be obviously differentiated into 
piimatics, sccondaries and tertiatics], but the very 
same digits which in the wing are completely united 
> by skin become partially united by skin in the feet ; 
Bud thus by the law of correlated variation of homo- 
logous paits, we can understand the curious connexion 
ate iid legs and membrane between the two outer 
toes)” The illustiation is diawn from the specimen 
to which I have referred. 
Many similat instances of the same law are to be. 
met with throughout organic nature; and'it is evident 
| That" in this principle we find a conceivable explanation 
lor the origin of such adaptive structures as could not 
have been originated by natural selection acting directly 
upon themselves: they may have been originated by 
lestuead selection developmg other adaptive structures * 
elsewhere in the oiganism, the gradual evolution of 
which bas entailed the production of these by coricla- 
tion of growth. And, if so, when once staited in this 
way, these stiuclures, because thus accidentally useful, 
will now themselves come under the direct action of 
natural selection, and so have their further evolutién 
determined with or without the correlated association 
which first led to their inception, 
Of course it must be understood that in thus apply- 
ing the principle of conclated growth, to explain the 
, origin of adaptive structures where it is impogsible to 
explain such origin by natural selection having from 
) Variation of Plants and Animals, voli. ps B18.” > 4 
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the first acled directly upon these structures Lhem- 
selves, Darwinisls do not suppose that in all—or even 
in most—cases of correlated growth the correlated 
structures are of use, On the contray, il is well 
known that structures due to corgelated growth ae, 
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as 2 WC AGGlia Being only the by-products of 
adaptive changes going on elsewhere, in any given 


case the chances are against these correlated effects 









g thomselves of any utilitarian significance; and, 
herefore, m8 a matter of fact, correlated growths 
+ appear to be usually meaningless from the point of 


‘ 
‘ 
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view of adaptation. Still, on the doctrine of chances, 
it is to be expected that sometimes a change of 
structure which has thus been indirectly produced by 
cotrclation of growth might happen to prove useful 
for some purpose pr another; and in as many cases 
as such inglirectly produced structures do prove useful, 
they will straightway begin to be improved by the 

irect action of natural selection. In all such cases, 
therefore, we should have an explanation of the origin 
of such a structure, which is the only point that, we 
are now considering. 

I think, then, that all this effectually disposes of 
the doctiine of “prophetic germs.” But, before 
leaving the subject, I should ike to make one 
further statement of greater generality than any which 
T have hitherto advanced. This statement is, that wo 
must remember haw large a stock of pata 
structures are alwaya Wing produced Yn the course o 

ic fiansmutations, not only by correlation of 
growth, which we have just been considering, but also‘ 
‘by the direct action of external conditions, together 
with the constant play of all the manygand complex 
forces internal to organisms themselves In other 
words, important as the principle of correlation 
undoubtedly is, we must remember that even this is 
very far from being the only principle which ig con- 
cerned in the origination of structures that may or may 
hot chance to be useful. Therefore, it is not only 
natural selection when operating indirectly through 
the correlation of growth that is competent to produce 


new Structures without reference to utility. In all 
-the complex action and reaction of injernal pod. exe 


guia forces, new variations are perpetually arising 


i 
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withoul an reference, to utility, either present or 
future. Among al] this multitude of promiscuous 
variations, the chances must be that some percentage 
will prove of some service, ether from the first moment ! 
of thoir appearance, or clse after they have undergone 
gome amount of development, Such development | 
prior to utility may be due, either to correlation of 
growth, to the structure having previously pet formed 
some other function, as already explained, or else to 
agontinued operation of the causes which were con- 
cerned in the first appeatance of originally useless 
characters. In a series of chapters which will be 
devoted to the whole question of utility in the next 
volume, I shall hope to give very good reasons for 


‘coneluding that, useless characters are nol only of 
highly frequent occurrence, but gre due to a vari of 
“sitet canaes bestlea corre ationgl renner Na 
the possibility of originally usclessichpracters happen- 
{ng in some cases to become, by incicased develop- 
ament, useful characters, is correspondingly increased. 
Among a hundred varietal or specific characters which 
are directly produced in as many different species by 
a change of climate, for example, some five or six may 
ho potentially useful: that is to say, characters thus 
adventitiously produced in an incipient form may ‘ 
only require to be further developed by a continuance 
of the same causes as first originated them, in order 
that some percentage of Lhe whole number shall become 
of some degree of use, Those professed followeis of 
Darwin, therefore, who without any reason—or, as it 
appears to me, against all renson—deny the pos- 
sibility of useleag specific characters in any case or 
in any degree (unless correlated with uscfyl characters), ‘ 
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are playing into the hands of Darwin’s critics by 
indirectly. countenancing the difficulty which we are 
now considering. Tor, jf correlation of growth..du.4 
unreasonably supposed to be the only possible cause 
of the origin of incipient structures which are not use« 
ful from the first moment of their inception, clearly 
the field is greatly narrowed as regards the occurrence 
of. incipient characters sufficient in amount—and, still 
more, in constancy of appearance and persistency of 
transmission—-to admit of furnishing material for the 
working of natural selection. But in the measure that 
incipient characters—whether varietal ov specific— 
are-recognised as not always or “necessarily” useful 
from the moment of their inception, and yet capable of 
being developed to a certain extent by the causes 
which first led to their occurrence, in that meagure is 
this line of criticism cloged. I’or of all the variations 
which thus occur, it is only those which afterwards 
prove of any use that are laid hold upon and wrought 
up by natural selection. into adaptive structures, or 
working organs, And, therefore, what we sce in 
organic nature is the net outcome of the development 


of ill the happy. cca So it comes that the 
“appearance presented by organic nature as a whole is 


that of a continual fulfilment of structural prophecies, 
when, in point of fact, if we hada. similar record of all 
the other variations, it would be seen that possibly 
not one such prophecy in a thousand is ever cestined 
to be fulfilled, 


: sere, then, I feel justified in finally taking leave of 
je difficulty from the uselessness of incipient organs, 
ithis-difficulty has been presented, in varying degrees 
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of emphasis, by the Duke of Argyll, Mr, Mivart, Pro~ 
fessors Nigeli, Bronn, Broca, Kimer, and, indeed, by all 
cother writers who have hitherto advanced it, Tor, as 
thus presented, I think Ihave shown that it-admits of 
‘belng adequately met. But now, I must confess, to me 
individually it does appear that behind this crroncous 
presentation of the difficulty there lics another question, 
ewhich is deserving of much more serlous attention, 
’ For although it admits of being easily shown—as I have 
just shown—that the difficulty as ordinarily presented 
fails on account of its extravagance, the question 
remains whether, if stated with more moderation, a 
real difficulty might not’ be found to remain, * 

My quarrel with tle conclusion, like my quarrel 
with the premigs, is due to its universality. By say- 
ing in the premias that a incipient organs are seces 

sarily useless at the time of their inception, these 
writers admit of being controverted by fact ; and by 
saying in the conclusion that, ¢ all inclpient organs 
are useless, it necessarily follows that in xo cage can 


natural selection have been the cause of building tp * 


an organ until it becomes useful, they admit of being 
controverted by logic. For, even if the premiay. were 


true in fact—namely, that all incipient organs are uge- 
less at the time of thelr Inception,—it would not 


. necessarily follow that in no case could. natural selec. 
: tion buildup a useless structure into a useful one; 
' because, although it ia true that in no.cage can natural 

selection do this by acting on a useless structure 
- directly, It may do go by acting on the useleas struc: 
« ture éndirectly, through its direct action on some other 
part of the organism with which the useless structure 
Nappens to be correlated. Moreover, as I believe, and 
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will subsoqtiently cndcavour to prove, there is abun- 
“dant ovidence to show that incipicnt characters are 
often developed to a large extent by causes other 
than natural selection (or apart froffiny Telerence to 
Uulity), with the result that some of them thus happen 
io become of use, when, of course, the supposed diffi- 
culty i8 at an end. 
But although it is thus easy to dispose of both the 
propositions in question, on account of their univer- 
sality, stated more carefully they would require, as 
I have said, more careful consideration, Thus, if it 
had been said that some incipient organs are presum- 
ably useless al the time of their inception, and that in 
some of these cases it is difficult, or impossible, to con- 
ceive how the principle of correlation, or any other 
principle hitherto suggested, can apply—then the 
question would have been raised from the sphere of 
tlogical discussion to that of biological fact, And 
the new question thus raised would have to be de- 
bated, no longer on the ground of general or abstract 
principles, but on that of special or concrete, cagcs., 
Now until within the last year or two it has not been 
easy to find such a special or concrete case-—that is to 
say, a case which can be pointed to as apparently 
excluding the possibility of | natural selegtion having 
had anything to dowith the genesig ofan unqueation- 
‘ably’adaptlve structure, But eventually auch a case 
“Wiis arisen,'and the Duke of Argyll has not been slow 
in perceiving its importance. ‘This case is the electric 
organ in the tail of the skate. No sooner had Pro- 
fngsot Gossatwart published an abstract of his first 
paper on this subject, than the Duke seized upon it as 
a case for which, as hd said, he had Jong been waiting 
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_~chamely, the ¢ case of an adaptive or organ the genesis of 
yw hich could not pussibl ly oe, Auributed, 49 natural selec- 
tion, and must therefore be attributed to supernatural 
“design.™ Now, I do not deny that he is here in pos- 
seadion of an admirable tage—a case, indeed, so ad- 
mirable (hat it almost seems to have been specially 
designed for the discomfiture of Darwinians, Phere- 
fore, in order to do it full justice, I will show that it is 
even more formidalle than the Duke of Argyll has 
represented, 

Mlectric organs are known to occur In several widely 
different. kinds of fish—such as the Gyanotus and 
Torpedo. Wherever these organs do occur, they 
perform the function of electric batteries in storing 

"and discharging clectricily in the form of more or less 
powerful shocks. ITere, then, we have a function 
which is of obvious use Lo the fish for purposes both 
of offence and defence, These organs are everywhere 
composed of a transformation of muscular, together 
with an enormous development of nervous tissue ; 
but inasmuch as they occupy different positions, and 
are also in other respects dissimilar tn the different 
zoological groups of fishes where they occur, no difi- 
culty can be alleged as to these analogous organs 
being likewise homologous in different divisions of the 
aquatic vertebrata. 

Now, in the particular case of the skate, the organ 
is situated in the tail, where it is of a spindle-llke 
form, measuring, in a large fish, about two feet in 
length by about an inch in diameter at the middle of 
the spindle, Although its structure is throughout 
ag complex and perfect as that of the electric organ in 
Gymnotus or Torpedo, its smaller size does not admit 
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of its generating a sufficient amount of electricity 
to yield a discharge that can be felt by the hand. 
Nevertheless, that it does discharge under suitable 
stimulation has been proved by Professor Burdon 


‘Sanderson by means of a telephone; for he found 


that every time he stimulated the animal its electrical 
discharge was rendered audible by the telephone. 
Here, then, the difficulty arises. Jor of what conceiv- 
able use is such an organ to its possessor? We can 
scarcely suppose that any aquatic animal is more 
sensitive to electric shocks than is the human hand ; 
and even if such were the case, a discharge of so feeble 
a kind taking place in water would be short-cir- 
cuited in the immediate vicinity of the skate itself. 
So there can be no doubt that such weak discharges 
as the skate is able to deliver must be wholly imper. 
ceptible alike to prey and to enemies, Yet for the 
delivery of such discharges there is provided an organ 
of such high peculiarity and huge complexity, that, 
regarded as a piece of living mechanism, it deserves to 
rank as at once the most extremely specialized’ and 
the most highly claborated: structure sin the whole 
animal kingdom, ‘Thousands of separately formed 
elements are ranged in row after row, all electrically 
insulated one from another, and packed away iito the 
smallest possible space, with the obvious end, or 
purpose, of conspiring together for the simultaneous 
delivery of an electric shock, Nevertheless, the shock 
when delivered is, as we have just seen, too slight to 
be of any conceivable use to the skate. Therefore Ata 
appears impossible to suggest how this astonishing. 


|structure—much more astonishing, in :my optnion, 


‘that the human eye or the human hand-~can ‘ever 
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have been “begun, or afterwards developed, by means 
of natural selection. Jor if it be not even yet of any 
concelvable use to its possessor, clearly thus far sur- 
vival of the fittest can have had nothing to do with its 
formation.. On the other hand, secing that electric 
organs when of larger size, as in the Gymnotus and 
Torpedo, ave of obvious use to their possessors, the 
‘facts of the case, so far as the skate is concerned, 
assuredly do appear to sanction the doctrine of “ pro- 
‘phetic germs.” The organ in the skate scems to be on 
its way towards becoming such an organ as we meet 


with in these other animals ; and, therefore, unless we ‘ 


can show that it is now, and in all previous stages of 
{ts evolution has throughout been, of use to the skate, 


* the facts do present a serious difficulty to the theory ; 


of natural selection, while they readily lend themselves ! 
to the interpretation of a disposing or fore-ordaining: ,, 
mind, which knows how. to construct an electric bat» 


Qe 


tery by thus transforming muscular tissue into electric | 


tissue, and is now actually in process of constructing 
such an apparatus for the prospective benefit of future 
creatures, 

Should it be suggested that possibly the. electric 
organ: of the skate may be in process of degeneration, 


and therefore that it is now the practically functions 
Jess remnant of an organ which in the ancestors: of 


the skate was of larger size and functional use—against 
go. obvious a suggestion there lie the whole results of 
Professor Ewart’s hibede iris which go to indiente 
hat the organ is a { ag 1¢ 








oiRe, time, after the animal has left the aie capsule, 
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and assumed all the normal proportions (though 
nol yet the size) of the adult creature, The organ, 
therefore, is one of the very luteal to appear in the 
ontogeny of A. radiata; and, moreover, i docs not 
attain ite Cull developmend (iG not merely eroveh, but 
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Tig. 018 Kata radiata, representing the Ife vive of the youngest ine 
dividnal ip which musele Glies have been found developing dato electing 
cells, 
transforming of muscular fibres into electrical cle- 
ments) Uli the fish attains matuity, Rend in the 
light of embryology, these facts prove, (1) Uhat the 
electric organ of 2X. radtfata must be one of the very 








= Pit. ta Flectete organ of the Skate, ‘Pho left hand drew ing (1) represents the 
entire organ Cuitiral wee) af a full town 2 radiada. ‘Tide inn amall akate, whlelr 
sw rtiely exceeds so renin in lengih; but in tho large 2, dafés, thie organ may 
exceed two feet in fngth, The afer drawings mpresent single misclefibies In anc: 
coastva stages of tratnaltbor Tn the fiat af the ote ti} the moter pinte, antl the nerves 
connected With It, Inve ubendy been comdderably gndarged Inthe other three spechinens, 
the fibre ke canwa more aed more elab like, andl eventually cupdike, ‘Thesa changes 
of ahape are expremive of yrent changes of attneture, as may be acen in the fet 
of the aetien (V), where he hallow cap is xeon In pattal gection. ‘Lhe electric 
plate Anos the concavity of the cup, and ie tickly supplied with neives (only a few of 
which ure represented in the Inet drawing): the thick wally of the erp are composed of 
muentns fibies, the wtrlation of which in distinctly vialble. 
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atest products of the animal's phylogeny ; and, (2) 
that as yet, at all events, it has nol begun to degenerate, 
But, if not, it must either be at a standstill, or it must 
be in course of further cvolution ; and, whichever of 





Fis, ra0e-Electrle cella of Nava radiata. ‘The drawing un the lett 
aepresents one of the eluba magnified, ax in the preceding wood-unt, 
‘The diawing on the tlght represcate a number of there hubs, leas highly 
magnified, i site, 


these alternatives we adopt, the difficulty of account- 
ing for its present condition remains. In thig con. 
nexion also it is worth while to remark that the electric 
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. 
organ, even afler it has attained its full development, 
continues its grow with the growth of the fish, and 
this ina much higher ratio, either than the tail alone, 
or the whole animal, Lastly, Prof, Burdon Sanderson 
finds that section for section the organ in the skate is 
as efficient as it is in Zarfedo. It ia evident that 
these fuels also point to the skate's organ being in 
course of phylogenctic evolution. 

Again, it cannot be answered that, the principle. 
of Soixelation, may be “drawn, pon in mitigation, of 
The difficulty, ‘The shucture of the ‘lectric organ 
4S far too elaborate, fir loo specialized, and far too 
‘obviously directed to a particular end, to admit of our 
conceivably supposing it due lo any accidental coire- 
lation with structural changes going on elsewhere. 
Teven as regaids the initial changes of muscle-clements 
into clectrival-clements, I do not think the principle 
of correlation can be reasonably adduced by way 
of explanation; for, aa shown in the illustrations, 
even this initial change is most extraordinarily 
peculiar, elaborate, and specialized. But, be this as 
iu may, Tam perfectly certain that the principle of 
correlation cinnel possibly be adduced to explain the 
subsequent association af these electrical elements into 
an electric battery, ackuated by a special nervous me- 
chanism of enormous size and claboration—unless, of 
course, the progress of such a structure were assumed 
to have been throughout of some utility. Under this 
supposition, however, the principle of correlation would 
be forsaken in favour of that of natural selection ; and 
we should again be in the presence of the same diffi- 
culty as that with which we staited, 

But now, and further, if we do thus abandon corre- 

Bba 
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lation in favour of natural selection, and therefore if 
for the sake of saving an hypothesis we assume that 
the organ as it now stands mus? be of some use to the 
existing skate, we should still have to fice the question 
—Of what conceivable use can those initial stapes of ils 
formation have been, when first the musele-clements 
began to be changed into the very different clectrical. 
elements, and when therefore they became useless as 
muscles while not yel capable of performing even so 
much of the electrical function as they now perform ? 
Lastly, we must remember that not only have we) 
here the most highly specialized, the most complex, | 
and altogether the most elaboratively adaptive organ : 
in the animal kingdom ; but also that in the formation 
of this structure there has been needed an altogether 
naparalleled expenditure of the most physiologically 
expensive of all materials namely, nervous tissue, 
Whether estimated by volume or by weight, the 
quantity of nervous tissue which is consumed in the 
electric organ of the skate is in excess of all the rest 
of the nervous system put together, Il is need. 
less to say that nowhere else in the animal king. 
dom -excepl, of course, in other electric fishes—is 
there any approach to so enormous a development of 
nervous Ussue for the discharge of a special function, 
Thereforg, as nervous tissue is, physiologically speak- 
ing, the most valuable of all materials, we ure forced 
to conclude that natural selection ought strongly to 
have apposed the evolution of such organs, unless from 
the first moment of their inception, and throughout the 
whole course of their development, they were of some 
such paramount importance as bivlogically to justify so 
wnexampled an expenditure. ‘Yet this paramount im- 
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pottance does not adimit of being so much as surmised, 
even where the organ has already attained the size and 
degree of elaboration which it presents in the skate, 
In view of all these considerations taken together, 
I freely confess that the difficulty presented by this 
gage appeus to me of a magnitude and importance 
altogether unequalled by that of any other single case 
or any series of cases—-which has hitherto been cn- 
countered by the theory of ny natural select] So that, 
if there were many other cases of the like kind to be 
met with in nature, [ should myself at once allow that 
the theory of natural selection would have to be dis- 
carded, But inasmuch as this particular case stands 
so far entirely by itself, and therefore out of analogy 
with thousands, or even millions, of other cases 
throughout the whole range of organic nature, I am 
constrained to feel it more probable that the electric 
organ of the skate avill some day admit of being mar- 
shalled ygder ler the general law of natural sclection—in 
just the same way as proved td 7 he the case with the 
conspicuous colouring of those caterpillars, which, as 
explained in the last chapter, at one time scemed to 


conatitule a setlous difficulty to the theory, and yal, 
through a hetler Inowledge of all the relations ine 


volved, has now come to constilute one of the strongest ‘ 


witnesses in its fiveur, 


I have now stated all the objections of any import- 
ance which have hitherto been brought againat ‘the 
theory of natural selection. excepting three, which I 
left to be dealt with together because they form a 
logically connected group. With a brief consideration 
of these, thercfore, I will bring this chapter to a close. 
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The three objections to which [ allude are, (1) that 
a large proportional number of specific, as well as 
of higher taxonomic characters, are aceminglyuggleas, 

Ghasagiass.and therefore do not lend themselves to 
explanation by the Darwinian theory; (2) that the 
most general of all specific characters viz. cross. 
infertility between allied species cannot posatbly 
be due to natural selection, as is demonstrated by 
Darwin himself; (3) that the swamping effects of 
free intercrossing must always render impossible by 
natural selection alone any evolution of species in 
divergent (as distinguished from serial) lines of 
change, 

These three objections have been urged from time 
to lime by not a few of the mest eminent botanigts, 
and zoolegisis of ow century; and from one point 
of view I cannot myself have the smallest doubt that 
the objections thus advanced are not only valid in 
themselves, but also by fir “he most formidable 4 
bjeclions which the theory of natural selection has! 
encountered, From another point of view, however, ' 
Tam equally convinced that they all admit of ab- 
solute annihilation, ‘This strong antithesis arises, as 
T have said, from differences of standpoint, or from 
differences in the view which we take of the theory of 
natural selection itself If we wponrriage this EOE if 
to set forth natural selection, g Cee 
organic cvolutiqn, then all the above erie to the 
heory are not merely, as already stated, valid and 
formidable, but as I will now add, logically insur- 
mountable, On the other hand, if we take theory 
to consist merely in selting forth natural selection as 
a factor of organic evolution, even although we be- 
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lieve it Lo have been the chief factor or principal cause, 
all the three objections in question necessarily vanish, 
For in this case, even if it be satisfactorily proved that 
the theory of natural selection ts unable to explain the 
three classes of facts above mentioned, the theary is 
not thereby affected: facts of each and all of these 
classes may be consistently left by the theory to he 
explained by causes other thin natural selection 
whether these be so far capable ar incapable of 
hypothetical formulation, Thus if is evident that 
whether the three objections above named are to 
be regarded as logically insurmountable by the 
theory, or as logically non-existent in respect to it, 
depends simply upon the manner in which the theory 
itself is stated. 

In the next volume a great deal more will have to 
be said upon these matters especially with regard to 
the causes other than natural selection which in my 
(opraton are capable of explaining these” 80- called 
w difficulties.” Tn the present connexion, however, 
all I have’altempted to show is, that, whatever may 
be thought tquching the supplementary theories 
whereby I shall endeavour to explain the facts of 
inutilily, cross-slerility, and non-occurrence of free 
fnlercrossing, no one of theae facts is entitled to rank 

as an objection againal the theory of natural selection, 
unless we undersland this theory to claim an ex- 
clusive prerogative in the field of organic evolution. 
his, as we haye previously Sela dl, allan 
locs ‘claim | for, des while on the other hand, Mr. 
Darwin ‘exprosaly—and even vehemently— repudiates 
the claim: from which it follows that all the three 
main objections against the theory of natural selection 
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are objections which vitally affect the theory only as 
it has been stated and upheld by Wallice, As the 
theory has been stated and upheld by Darwin, all 
these objections are inclevant, This is a fact which 
Thad not myself perceived at the time when T mens 
tioned these objections in a paper cnlidled PApsdo 
logical Selection, which was published in 1886. ‘The 
discussions to which that paper gave rise, however, led 
me to consider these matters more closely; and 
futher study of Darwin's writings, with these matters 
specially in view, has led me to see that none of the 
objections in question are iclevant to his theory, as 
distinguished fiom that of Mr, Wallace. This, I 
acknowledge, I ought to have perceived before I 
published the paper just alluded to; but in those 
days I had had no occasion to follow out the dif 
ferences between Darwin and Wallace to all their 
consequences, and therefore adopted the prevalent 
view that their theories of evolution were virtually 
identical. Now, however, I have endeavoued to 
make it clear that the points wherein they differ 
involve the imporlant consequences above set forth, 
All these the most formidable objections agalnst the 
theory of natwal selection aise simply and solely 
from what I conceive to be the errencous manner in 
which the theory has been presented by Darwin's 
distinguished colleague. 


T have now considered, as impartially as I can, all 
the main criticisms and objections which have been 
brought against the theory of natural solection; and 
the result is to show that, neither singly nor col- 
lectively, are they entitled to much weight. On the 
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other hand, ag we have seen in the preceding: chapter, 
there is a vast accumulation of evidence in favour of 
the theoty. Ifenee, it is no wonder that the theory 
fas now been accepted by all naturalists, with scarcely 
any one notable exception, as at any rate the best 
working hypothesis which bas ever been propounded’ 
whereby lo explain the facts of organic evolution. 
Marcover, in the opinion of those most competent to 
judge, the theory is entitled to be regarded as some- 
thing very much more than a working hypothesis; 
it is held to be virtually a completed induction, or, 
in other words, the proved exhibition of a general 
law, whereby the causation of oiganic evolution ad- 
mits of being in, lange part, if nol, altogethgrss- 
splaingd, 
ans whether or not we subscribe to this latter 
conclusion ought, I think, to depend upon what we 
mean by an explanation in the case which {fs before 
us. Tf we mean only that, given the large class of 
known facts and unknown causes which are conveni- 
ently summatized under the terms Heredity and 
Variability, then the further facts of Struggle and 
Survival serve, in some considerable degree or 
another, to account for the phenomena of ad&ptive 
evolution, I cannot see any room to question that 
the evidence ia sufficient to prove the statement. 
But it is clear that by taking for granted these great 
facts of Ileredity and Variability, we have assumed 
the larger part of the problem as a whole. Or, more 
correctly, by thua generalizing, in a merely verbal 
form, all the unknown causes which are concerted in 
these two great factors of the process in question, we 
are not so much ag attempling to explain the pre- 
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cedent causation which serves as a condition to the 
process. Much more than half the batle would 
already haverbeen won, had Darwin's predecessors 
been able to explain the causes of TTeredity and 
Variation; hence it is but a very partial victory’ 
which we have hitherto gained in our recent discovery 
of thie effects of Struggle and Survival. 

Yet partial though it be in relation lo the whole 
batile, in itself, or considered absolutely, there can be 
no reasonable doubt that it constitutes the greatest 
single victory which has ever been gained by the 
science of Biology, Tor this very reason, however, 
it bchoves us to consider all the more carefully the 
extent to which it goes, But my discussion of this 
maiter must be relegated to the next volume, where: 
I hope to give abundant proof of the soundness of 
Darwin's judgment as conveyed in the words:—I 
am conyineed that natural selection has been the main, 
but not the exclusive, means of modification.” 


CHAPTER X&. ' 


Tre TUHORY OF SEXUAT. SELECTION, AND 
CONCLUDING REMARKS. 


ALTNOUGH the explanatory value of the Daryinian 
theory of natural selection is, as we have nowsseen, 
‘ittalculably great, it nevertheless docs not meet those 
phenomena of organic nature which perhaps mére 
than any other attract the general attention, as well 
as the general admiration, of mankind: I nican all 
that class of phenomena which go to conatitule thé 
Beautiful, Whatever value beauty as such may haves 
it clearly has nol a life-preserving value, The gorgeous 

4 plumage of a peacock, for instance, Is of no advantage ° 
lo the peacock in his struggle for life, and therefore 
cannot be attributed ta the agency of natural selection. 
Now this fact of beauty in organic structures is a fact 
of wide generality—almost as wide, indecd, as is the 

baat of their utilily. Mr. Darwin, therefore, suggested 


«another hypothesis whereby to render a scientific 


explanation of this'fact, Juat as by his theory of 
natural selection he sought to explain the major fact 
of utility, so did he endeavour to explain the minor 
fact of beauty by a theory of what he termed Sexual, 
Selection, ; 
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Tt is a matter of observation that the higher 
animals do not pair indiscriminately; but that the 
members of cither sex prefer those individuals of the 
opposite sex which are to them most attractive, It 
is important to understand ¢ Gude that nobody has 
ever attempted to challenge this statement. Tn other 
words, it is an unquestionable fret thatamong many of 
the higher animals there literally and habitually occurs 
a sexvual selection; and this fact is not a matter of 
inference, but, as I have said, a matter of observation, 
The inference only begins where, from this observable 
fact, it is argued,—rst, that the sexual selection has 
reference to an aesthetic taste on the part of the 
animals themselves; and and, that, supposing the 
selection to be determined hy such a taste, the cause 
thus given is adequate lo explain the phenomena of 
beauty which are presented by these animals. I will 
consider these two points separately. 

From the evidence which Darwin has collected, it 
appears to me impossible to doubt that an asthetic 
sense is displayed by many birds, and not ‘a few 
mammals. This of course does not necessarily imply 
thal the staxdards of such a sense are the same as 
our own; nor does it necessarily imply that there is 
any constant relation between such a acnse and high 
levels of intelligence in other respects. In point of 
fact, such is cortiinly not the ease, because the best 
evidence that we have of an esthetic sense in animals 
is derived from birds, and not from médimmals. The 
most cagent cases to quote in this connexion are 
those of the numerous species of birds which habi- 
tually adorn their nests with gaily coloured feathers, 
wool, cotton, or any other gaudy materials which they 
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may find lying about the woods and fields. Ta many 
cases a marked preference {s shown for particular 
objects as, for instance, in the case of the Syrian 
nut-hatch, which chooses the iridescent wings of 
insects, or thal of the great crested fly-cateher, which 
similarly chooses the cast-off skin of snakes. Bul 
no doubt the most remarkable of these cases is chat 
of the baya-hird of Asia, which afler having com- 
pleted its bottle-shaped and chambered nest}, studs it 
over with small lumps of clay, both inside and out, 
upon which the cock-hird sticks fire-flics, apparently 
for the sole purpose of securing a brilliantly decorative 
effect, Other birds, such as the hammerhead of 
Africa, adorn the surroundings of their nests (which 
are built upon the ground) with shells, bones, pieces 
of broken glass and earthenware, or any objects of a 
bright and conspicuous character which they may 
happen to fined, The most consummate artists in this 
respect are, however, the bower-birds ; for the spectes 
of this family construct elaborate play-houses In the 
form of arched tunnels, built of lwigs upon the ground, 
Through and around such a tunnel they chase one 
another ; and it is always observable that not only is 
the floor paved with a great collection of shells, bones, 
coloured stones, and any other brilliant objects which 
they are able to carry in their beaks, but alg that the 
walls nve dacorated with the most gaudy articles 
which the birds can find. There fs one genus, in 
Papua, which even goes so far as to provide the 
theatre with a surrounding garden. A level piece of 

1 Tha chambers are three in number, The lwo upper ones are 
occupled respectively by the malstand the aliting female, ‘Phe lower 
one worves at a general living room whenghe young mo hatched, 
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ground is selected as a site for the building, The 
latter is about two feet high, and constructed round 
the growing stalk of a shrub, which therefore serves 
as a central pillar to which the frame-work of the 
roof is attached. Twigs are woven into this frame- 
work until the whole is rendered rain-proof. The tent 





lia, 121.—-The Gaiden Bowe-bitd (Amblyornds tuo nate).  Redierd 
from Gould's Birds of New Guinea to } nat, sian 


thus erected is about nine fect in circumference at its 
base, and presenis a large arch as an entrance, The 
central pillar is banked up with moss at its base, and 
a gallery is built round the interior of the edifice. 
This gallery is decorated with flowers, fruits, fungi, &e. 
These are also spread over the garden, which covers 
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about the same area as the play-house. The flowers 
are said to be removed when they fade, while fresh 
ones are gathered to supply their places, Thus the 
garden is always kept bright with flowers, as well as 
with the brilliant green of mosses, which are col- 
lected and distributed in patches, resembling tiny 
lawns. 

Now these aundry eases alone seem to prove a high 
degree of the wsthetic sense as occurring among 
birds ; for, it is needless to say, none of Lhe facts just 
mentioned can be due to natural selection, seeing that 
they have no reference to utility, or the preservation 
of life, But if an wsthetic sense occurs in birds, we 
should expect, on a priert grounds, that it would 
probably he exercised with reference to the personal 
appearance of the sexes, And this expectation ts 
fully realized. For it is an observable fact that in 
most species of birds where the males are remarkable 
for the brilliancy of their plumage, not only is this 


* 


brilliancy most remarkable during the pairing season, * 


but at this season alse the male birds take claborate 
pains lo display their charms before the females. 
Then it is that the peacock erecta his tail to strut 
round and round the hens, taking care always to 
present to them a front view, where the coloration is 
most gorgeous, And the same is true of all other 
gaily coloured male birds. During the pairing 
season they actively compele wilh one another in 
exhibiting their attractiveness to the females; and in 
many cases there are added all sorts of extraordinary 
antics in the way of dancings and crowings. Again, 
in the case of all song-birds, the object of the singing 
is to please the females; and for this purpose the 


= 
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males rival one another to the best of their musical 
ability. 

Ghus there can be no question that the courtship 
of birds is a highly elaborate business, in which the 
males do their best to su pass one auother in charming 


“the females. Obviously the inference is that the males 


do not take all this Liouble for nothing ; but that the 
females give their consent to pair with the males 
whose personal appearance, or whose voice, proves to 
be the most attractive. But, if so, the young of the 
male bird who is thus selected will inherit his superior 
beauty; and thus, in successive yeneralions, a con- 
tinuous advance will be made in the beauty of 
plumage or of song, as the case may be,—both the 
origin and development of beauty in the animal world 


being thus supposed due tg, the isthetic’ taste oth, 
animals themselves. 


Such is the theory of sexual selection in its main 
outlines; and with regard to it we must bogin by , 
noting two things which are of*most importance, IA 
the fist place, it is a theory wholly and completely | 
distinct from the theory of natural selection ; so that 
any truth of error in the one does not in the least} 
affect the other, The second point is, that there js 
nol so great a wealth of evidence in favour of sexual 
selection as thereis in favour of natural selection; 
and, therefore, thal while all naturalists nowadays 
accept natural selection as @ (whether or not 7) cause 
of adaptive, useful, or life-preserving structures, there 
is no such universal -—but only a very general—agreo- 
ment with reference to sexual selection as a cause, 
of decorative, beautiful, or life-embellishing struc. 
tures. Nevertheless, the evidence in favour of sexual 
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selection ig both large in amount and massive in 
weight. 
Our consideration of this evidence will bring us to 

the second division of our subject, a4 previously marked + 
out for discussion -namely, granting that an wsthetic 
sense occurs in certain large divisions of the animal 

* kingdom, what is the proof that such a sense is a 
cayse of the beauty which is presented by the animals 
in question? 

(Refore proceeding to state this proof, however, it 
is desirable to observe that under the theory of sexual 
sclection Darwin has included two essentially different 
classes of facts.) Lor besides the large class of facts 
to which I have thus far been alluding,-~i. ¢, the cases, 
“where lwo sexes of the same species differ from one 

. ‘nother in respect of ornamentation,—there is another 
class of facts equally important, nainely, the cases 
where the lo sexe of the same species differ from 

. one another in respect of size, slrenglh, and the 
possession of natural weapons, such as spurs, hotfis, 

* & In most of these cages it is the males which 
are thus superiorly endowed ; and it ia a matter of 
yobservation that in all cases where they are so en- 
slowed they use their superior strength and natural 
‘weapons for fighting: together, in order to secure 
possession of the females, Ience*rcsulis what Mr. 

Darwin has called the Law of Hattle between males 
of the same species ; and this Jaw of battle he includes 
under his theory of sexual selection, But it is evident 
that the principle which is operative {n the law of 
battle differs fram the principle which is cohcerned in 
the form of sexual selection that has to do with 
embellishment, and consequent charm. The law of 

- Ce 
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battle, in fact, more newly approaches the law of 
natural selection ¢ seeing that il expresses the natural 
advantages of brute force in the struggling’ of rival 
animals, and so frequently results in death of the less 
fitted, as distinguished from a mere frilure to propa. 
gate. Now against this doctrine of the law of battle, 
and the conscyuences to which it leads in the superior 
fighting powers of male animals, no objectian has 
been raised in any quarter, It is only with regard to 
the other aspect of the theory of sexual seleetion— 
or that which is concerned with the superior em- 
bellishment of male animals—-that any difference of 
opinion obtains. IT will now proceed to give the 
main arguments on both sides of this question, 
beginning with a resem of Lhe evidences in favour of 
sexual selection, 

Tn the first place, the fact that secondary sexual 
characters of the embellishing kind are so generally 
tgstricted to the male sex in itself seems fo constilute 
‘ver’ 'y cogent proof that, in some way or another, such 
characters are connected with the part which is played 
by the male in the act of propayation, Moreover, 
secondary sexual characters of this kind are of quite 
as general occurrence as are those of the other kind 
which have to do with rivalry in battle 5 and the former 
are usually of the more claborate description, There- 
fore, ag there is no doubt t that secondar: y sexual shiney 
acters of the one order have an immediate purpose tat 
serve in the act of propagation, we are by this close 
analogy confirmed in our surmise that secondary sexual | 
characters of the other, and still more elaborate, order 
are likewise go concerned. Moreover, this view of their 


meaning becomes still further strengthened when we 
", 
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take into consideration the following facts, Namely, 
‘(a) secondary sexual characters of the embellishing 
kind are, as a rate, developed only at maturity; and 
most frequently during: only a part of the year, which 
is duvariably Uhe breeding: season : (4) they are always 
more or loss seriously affected by emascultion: (e) 
they are always, and only, displayed in perfection 
during the aet of courtship : (7) then, however, they are 
displayed with the most elaborate pains; yet always, 
and only, before the females: (¢) they appear, at all 
events in many cases, to have the effect of charming 
the females into a performance of the sexual act; 
Cwhile it is certain that in many cases, both among 
quadrupeds and birds, individuals of the one sex are 
capable of fecling a strong antipathy against, or a strong 
"preference for, certain individuals of the opposite sex2y 
Such are the main lines of evidence in favour of the 
theory of sexual selection. And although it is enough 
that some of them should be merely stated as above 
in order that their immense significance should be- 
come apparent, in the case of others a bare statement 
is not sufficient for this purpose, More especially is 
this the caseas regards Lhe cnormous profusion, variety, 
and claboration of sexually-cmbellishing characters 
which occur in hirda and mammals—not to mention 
several divisions of Arthropoda; together with the 
extraordinary amount of trouble which, in a no less 
extraordinary number of different ways, is taken by 
the male animals to display their embellishments 
before the females. And even in many cases where 
to our eyes there is no particular embellishment to 
display, the process of courtship consists in such an 

elaborate performance of dancings, atruttings, and “ 

cc 
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aluitudintzings that it is scarcely possible to doubt their 
; object i is to jncite the opposite sex, Ifere, for instance, 


~ 





Fic. taa—-Courtship of Spiders. A few examples of some of the 
attitudes adopted by different spectes of males when appionehing their 
fomntes. (After Peckham.) 


is a series of drawings illustrating’ the courtship of 
. spiders, I choose this case ag an cxample, partly 
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Fia, 1ag-—Cowrtship ef Spiders. ConUnued fiom Fig. 12a, similarly 
showing some of the attltudea of approach adopted by males of yet 
. other different species, (After Peckham.) 
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because it is the one which has been published most 
recently, and partly because it is of particular interest 
as occurring so low down in the zoological scale | 
win indebted to the kindness of Mreand Mis, Peckham 
for permission to reproduce these few selected diawings 
from their very admiable work, which is published by 
the Natural ITistory Society of Wisconsin, U.S. Tt ig 
evident at a glance that all these elaborate, and to our 
eyes ludicrous, performances are more suggestive of 
incitation than of any other imaginable purpose, And 
this view of the matter is strongly corroborated by 
the fact that it is the most brightly coloured parts of 
the male spiders which are most ohtruded upon the 
notice of the female hy these peculiar altitudes—-in 
just the same way as is invaiiably the case in the 
analogous phenomena of courtship among birds, 
insects, &c, 

But so great is the mass of material which Darwin 
has collected in proof of all the points mentioned in 
the foregoing paragraph, that to attempt anything 
in the way of an epitome would really be to damage 
its evidential force, Therefore I deem it best simply 
lo refer to it as it alands in his Descent of Alan, 
concluding, as he concludes-—"‘This surprising uni- 
formity in the laws regulating the differences between 
the sexes in so many and such widely separated 
Classes is intelligible if we admit the action throughout 

rall the higher divisions of the animal kingdom of one 
common cause, namely, sexual selection”; while, as 
he might well have added, it is difficult to imagine 
that all the large classes of facts which an admission of 
this common caus¢ serves to explain, can ever admit 
of being rendered intelligible by any gther theory. 
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We may next procecd lo consider the objections 
which have been brought against the thedry of sexual 
selection, And this is virtually the same thing as 
saying that we may now consider Mr. Wallace's views 
upon the subject, 

Reserving for subsequent consideration the most 
general of these objections namely, that at best the 
theory can only apply to the more intelligent animals, 
and so must necessarily fail to explain dhe phenomena 
of beauty in the less intelligent, or in the non- 
intelligent, as well as in all species of plants—we may 
take seréatin the other objections which, in the opinion 
of Mr, Wallace, are sufficient to dispose of the theory 
even as regards the higher animals, 

In the first place, he argues that the principal 
cause of the greater brilliancy of male. animals in 
general, and of male birds in particulary, is that they, § 
do not so much sland in need of protection arising 
from concealment as is the case with their respective 
females, Consequently natural selection js not so 
active in repressing: brilliancy of colour in the malea, 
of, Which amounts to the same thing, is more active 
in “repressing in the female those bright colours 
which are normally produced in both sexes by general 
Jaws.” 

Next, he argues that not only coes natural selection 
thug exercise a negative influence in passively per- 
mitting more heightened colour to appear in sthe* 
males, but even exercises a positive influence in 
actively promoting its «development in the males, 
while, at the same time, actively repressing its ap- 
pearance in the females. For halghtened colour, he 
says, is correlates with health and vigour; and as there 

Fey 
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can be no doubt that healthy and vigorous birds best 
provide for their young, natural selestion, by always 
placing its premium on health and vigour in the males, 
thus also incidentally promotes, through correlated 
growth, their superior coloration. 

Again, with regard lo the display which is practised 
by male birds, and which constitutes the strongest 
of all Mr. Darwin's arguments in faveur of sexual 
Selection,,Mr, Wallace points out that there is no 
evidence of the females being in any way affected 
thereby. On the other hand, he argues that this 
*dlaplay may be due merely to general excitement; 
and he lays stress upon the more special fact that 
moveable feathers are habitually erected under the 
influence of anger and rivalry, in order to make the 
bird look more formidable in the eyes of antago- 
nists, 

thermore, he addueces the consideration that, 
even if thefemales are in any way affected by colour 
and its display on the part of the males, and if, there- 
fore, sexual selection be conceded a true principle in 
abeory, sul we must remember that, as a matter of 
act, it can only operate in so far as it is allowed to 
operate by natural selection, Now, according to Mr. 
Wallace, natural selection must wholly neutralize any 
suth supposed influence of sexual selection. Tor, 
unless the survivors in the general strugple for exis- 
tence happen to be those which are also the most 
highly ornamented, natural sélection must neutralize 
and destroy any influence that may be exeried by 
female selection, But obviously the chances against 
the otherwise best fitted males happening to be like. 
wise the most highly ornamented must be many to 
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one, unless, as Wallace, supposes, there is some cor- 
relation between embellishmentdud general perfection, 
in which case, ay he points out, the theory of sexual 
selection lapses aljogether, and becomes but a special 
case of naturil sclection. 

Once more, Mr. Wallace argnes that the evidence 
collected by Mr. Darwin himself proves that each bird 
finds a mate under any circumstances—a general fact 
which in itself must quite neutralize any effect of 
sexual selection of colour or ornament, since «tho less 
highly coloured birds would be at no disadvantage ab 
regards the leaving of healthy progeny, é 

Laatly, he urges the high improbability that through’ 
thousands of generations all the females of any par- 
ticular species--possthly spread over an enormous 
area—should uniformly and always have displayed 
exactly the same tasle with respect lo every detail af 
colour lo be presented by the males. 

Now, without any question, we have here a most 
powerful array of objections against the theory of 
sexual selection, [ach of them is ably developed by 
Mr. Wallace himself in his work on Zvepical Nature, 
and although | have here space only to state them in 
the most abbreviated of possible forms, I think it will 
be apparent how formidable these objections appear. 
Unfortunately the work in which they are mainly pre- 
sented was publisher several years afler ihe second 
edition of the Descent of Man, so that Mr. Darvin 
never had a auilable opportunity of replying. But, if 
he had had such an opportunity, ag far as I can judge 
it seems that his reply would have becn more ar less 
as follows. 

Tn the first place, Mr, Wallace fails ic distinguish 


< 
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; 
hetween btilliancy and qynamentation-~ or betyeen + 
colour as merely “heightened,” ang as distinctively 
decorative, Yet there is obviously the greatest pas. 
sible difference belween these two things. We may 
readily enough adwfit that a anere “helghtening of al- 
ready existing coloration igiflikely’ cnough--at all 
events in many cases—Lo accompany a general increase 
of vigour, and therefore that natural gelection, by pro- 
moting the latter, may ‘also invidentally promate the 
former, in cases where brillianoy is not a source of 
danger?’ But clearly this is a Widely different thing from 
showing that not only a general brilliqney of colour, 
but also the particular xtisposition of colons, in the 
form of ornamental patterns, can thus be accounted 
for by natural selection. Indeed, it is expressly in 
order to account for the occurrence of such ornamental 
patterns that Mr, Darwin constructed his theory of 
sexual selection; and therefore, by thus virtually 
ignoring the only facts which that theory endeavours 
to explain, Mr. Wallace is not really criticizing the 
theory at all. By representing that the theory has to 
do only with brilliancy of colour, as distinguished 
from disposition of colours, he is going off upon a 
false issuc which has never really been raised 4 Look, 
for example, al a peacock’s tail, No doubt it is sut 
ficiently brilliant ; but far more remarkable than its 
brillianey is ils claborate pattern on the one hand, and 
its cnormous size on the other, There is no concely- 
able reason why mere dri/iancy of colour, a8 an ace 
cidental concomitant of general vigour, should have 
tun into so extraordinary, 30 elaborate, and so bean- 
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Liful a desigte of colours. Moreover, this design is only 
unfdlded when the aj) Js created, and the tall is net 
erected in battle (ag Mx. Wallace’s theory of the 
ercctile funetion in feathers would require), but in 
courtship ; obviously, therefore, the purpose of the 
pattern, so tg speak, js, correlated with the act ol 
courtship —it being only*then, in fact, that the general 
purpose of the whole structure, as well as the mare 
special purpose of the pattern, becomes revealed. 
Lastly, the fact of this whole atructure being so large, 
entailing not only a great amount of physldlogical 
material in itg production, but also .of physiological 
energy in carrying ahout such a weight, as well as of 
increased danger from itnpeding lucomotion andl in- 
viting caplure—all this is obviously incompatible with 
the supposition of the peacock's tail having been pro- 
duced by natural selection, And such a case clocs 
aot stand alone, There are multitudes of other ine 
stances of ornamental structures imposing a drain 
upon the vital energies of their posscasors, without 
conferring any compensating benefit from a utilitarian 
point of view. Now, in all these cases, without any 
exception, such structures are ornamental structures 
which present a plain and obvious reference to the 
relationship of the sexes. ‘Therefore it becomes almost 
impossible to doubt~-first, that they exist for the sake 
of ornament; and next, that the ornament exists on 
account of that relationship. If such structures were 
due merely to a superabundance of energy, as Mr. 
Wallace supposes, not only ought they lo have been 
kept down by the economizing influence of natural 
selection ; but we can sec no reason, cither why they 
should be so highly ornamental on the one hand, or 
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so exclusively related Lo the sexual relationship on the 
other, 

Finally, we must take notice of the fact that where 
peculiar s/ruedures are concerned for purposes of dis- 
play in courtship, the e/aboration of Unese structures fs 

“often no fess remarkable than that of patterns where 


ADULT MALE 


Ma, taq—The Bell-bind (Chasmorhyuchus utvets, { notuial size). 
Drawn fiom nate (A. Colt, Sarg, alas). Th the drawing of the 
adult male the ornamental appendage wt represented in its inflated 
condition, during courtship; in the drawing of the young male it ix 
shown in ite flaceid conditlon, 

colours are thus concerned, Take, for example, the case 

of the Bell-bird, which I select from an innumerable 

number of instances that might he mentioned because, 
while giving a verbal deseription of this animal, 

Darwin does not supply a pictorial representation 
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thereof, ‘The bird, which lives in South Anterica, hag 
avery loud and peculiay Gall, that can be heard at a 
distance of two or thice miles, ‘The female is dusky- 
green; but the adulé male is a beautiful white, ex- 
cepling the extraordinary stiacture with which we 
are at present concemed, ‘This is a tube about three 








Vio, 13g.) fen arumadatus, | wotural sive, Copled from the Zhis, 
The ornamental appenlayes uf the male are represented in a partly 
inflated condition, 


Inches long, which rises from the base of the beak. 
It ig jut black, and dotted over with small downy 
feathers, The tube is closed at the top, but ils cavity 
communicates with the palate, and thus tha whole 
admits of being Inflated from within, when, of courac, 
it standa erect as represented in one of the tivo draw- 


a 
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ings. When not thus inflated, it hangs down, as 
shown in the second figure, which represents the 
plumage of a young male, (Fig. 124.) 

In another species of the genus there are three of these 
appendages—the two additional oncs being mounted 
onthe corners of the mouth. (Vig, '23.) Inall species 
of the genus (four in number) the tubes are inflated 
during courtship, and therefore perform the function 
of sexual embellishments, Now the point to which I 
wish to draw attention is, that so specialized and mor- 
phologically elaborate a structure cannot be regarded 
as merely adventitious, It must have been developed 
by some definite cause, acting through a long series of 
generations. And as no other function can be as- 
signed to it than that of charming the female when it 
is erected in courtship, the peculiarity of form and 
mechanism which it presents—like the 'claboration of 
patterns in cascs where colour only is concerned— 
virtually compels us to recognise in sexual selection 
the only conceivable cause of its production, 

For these reasons I think that Mr, Wallace's main 
objection falls to the ground, Passing on to his sub- 
sidiary objections, I do not see much weight in his 
merely negative difficulty as to there being an absenec 
of evidence upon hen birds being charmed by the 
plumage, or the voice, of their consorts. Lor, on the 
one hand, it is not very safe to infer what sentiments 
may be in the mind of a hen; and, on the other hand, 
itis impossible to conceive what motive can be in the 
mind of a cock, other than that of making himself 
attractive, when he performs his various antics, displays 
his ornamental plumes, or sings his melodious songs, 
Considerations somewhat analogous apply to the 
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difficulty of supposing so much similiaity and con- 
stancy of taste on the park of female aninnls as Mr, 
Darwin's theory undoubtedly requires, ATchotd we 
know very litle about the psycholoyy of the lower 
animals, we do observe in many cases that small 
details of mental organization are offen wonderfully 
constant and uniform throughout all members of se 
species, even where il ik irpossible te suppest aay 
utility as a cause. ’ 

Again, as regards the objection that each bird finds 
a mate under any circumstances, we have here an 
obvious begging of the whole question. That every 
feathered Jack should find a feathered! Jill is perhaps 
what we might have antecedently expected ; but when 
we meet with innumerable instances of ornamental 
plumes, melodious songs, and the rest, as so many 
witnesses to n process of sexual selection having 
always been in operation, it becomes irrational to ex 
clude such evidence on account of our antecedent 
prepossessions. 

There remains the objection that the principles of 
natural selection mgt necessarily swallow up those of 
sexual selection. And this consideration, [ daubt 
not, lies at the root of all Mr. Wallace's opposition ta 
tho supplementary theory of sexual selection. Ie is 
self-consistent in refusing: lo entertain the evidence of 
sexual sclection, on the ground of his antecedent per- 
suaston that in the great drama of evolution there ts 
no possible standing-ground for any other actor than 
that which appears in the person of natural selection. 
But here, again, we must refuse to allow any merely 
antecedent presumption to blind our cyes to the 


actual evidence of olher agencies having co-operated 
4 
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with natural selection in producing the observed results, 
And, as regards the particular case now before us, J 
think I have shown, ag far as space will permit, that 
in the phenomena of decorative colouring: (as distin 
guished from merely brilliant colouring), of melodious 
song (as distinguished from merely tuncless crics), of 
cnormous arborescent antlers (as distinguished from 
merely offensive weapons), and so forth—T say that in 

Fall thesg phenomena we have phenomena which can- 
not possibly be explained by the theory of natural 
selection ; and, further, that if they are to be explained 
at all, this can only be done, so far as we can at 
present sce, by Mr. Darwin's supplementary theory of 
sexual selection. 

I have now briefly answered all Mr. Wallace’s 
objections to this supplementary theory, and, ag pre 
viously remarked, I feel pretty confiddht that, at all 
events in the main, the answer is such as Mr, Darwin 
would himself have supplied, had there been a third 
edition of his work upon the subject. At all events, 
be this as it may, we are happily in possession of un- 
questionable evidence that he believed all Me. Wallace's 
objections to admit of fully satisficlory answers. lor 
his very last words to science -read only a few hours 
before his death al a meeting of the Zoological 
Socicly—were -— 


& 


Imay perhaps he here permitted to say that, afier having 
enefully weighed, to the best of my ability, the various argu- 
ments which have been advanced againat the principle of sexual 
selection, I romain firmly convinced of its Wuth 4, 


1 Since the above exposition of the theory of sexual selection was 
written, Mi, Poulton has published hls work on the Cofones of Animas, 
Tio there reproduces some of the illustrations which occur in Mr. and 
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Conchuding Remarks, 

1 will now conclude this chapter, and with it the 
present volume, by offering a fey general remarks on 
what may be lermed the philosophical relatiorty of 
Darwinian doctrine to the facts of adaptation on the 
one hand, and lo those of beauty on the other, Of 
course we are all aware that before the days of this 
doctrine the facts of adaptation in organic nature were 
taken to constitute the clearest possible evidence of 
special design, on account of the wonderful mechanisms 
which they everywhere displayed ; while the facts of 
beauty were taken as constituting no less conclusive 
evidence of the quality of stele special design ay 
beneficent, nol lo say artistic. But now that the 
Darwinian doctrine appears to have explained 
scientifically the former clasa of facts by its theory of 
natural selection, and the fatter class of facts by its 
theory of sexual selection, we may fitly conclude this 
brief exposition of the doctrine asa whole by consi- 
dering what influence such naturalistic explanations 
may fairly be taken to exercise upon the older, or 
super-natucistic, interpretations, 

To begin with the facts of adaptation, we must 
first of all observe that the Darwinian doctrine is 
immediately concerned wilh these facts only in so far 


Mrs, Voekhanta work on Sead Selection tn Spiders, and fualshen 
Appropriate deveiipttons, "Therelore, while retalnlng Use ilushattons, 
Thove withdrawn my own dexeriptions. 

Mr, Pontton has alve in hla hook anpplied a rdésimd of the agaments 
for and against the theory of sexual xclestion iy general. Of course In 
nonrly J} eaprets thls corresponds with the s¢svd which is given In 
the foregoing pages; hut I have left the Intler as it was originally 
written, beoawse all the ciltical part te reproduced verbatim from a 
toview of Mr. Wallace's /arternisi, of 6 date stil caclier chan that of 
Mr, Poulton's hook—vlz, Contemporary Review, August, 1889+ 


lk pd 


402 Darwin, and after Darwin, 


as they occur in organic nature, With the adapta- 
tions—if they can properly be so called —which occur 
in all the rest of nattue, and which go to constilute the 
Cosmos as a whole so wondrous a spectacle of 
universal Jaw and perfect order, this doctrine fs but 
indirectly goncerned. Nevertheless, it is of course 
fundamentally concerned with them to the extent that 
it secks to bring the phenomena of organic nature into 
line with those of inaiganic; and therefore to show 
that whatever view we may severally take as to the 
kind of causation which is energizing in the latter we 
must now extend to the former. This is usually 
expressed by saying that the theory of evolution by 
natural selection is a mechanical theory. It endcea- 
vours to comprise all the facts of adaptation in organic 
nature under the same cateyory of explanation as 
those which occur in inorganic nature that is to 
say, under the category of physical, or ascertainable, 
causation, Indeed, unless the theory has succeeded 
in doing this, it has not succeeded in doing anything— 
beyond making a great noise in the world, If My, 
Darwin has not discovered a new mechanical cause in 
the selection principle, his labour has been worse than 
in valu. 

Now, without unduly repeating what has already 
been said in Chapter VIII, I may remark that, what 
ever we may cach think of the measure of success 
which has thus far atlended the theory of natural 
selection in explaining the facts of adaptation, we ought 
all lo agree that, considered as a matter of general 
reasoning, the theory does certainly refer lo a vert 
causa of a strictly physical kind; and, therefore, that 
no exception can be taken to the theory in this respect 
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on grounds of dagies If the theory in this respect is to 
be atlacked al all, it can only be on grounds of fac? 
namely, by arguing that the cause dees not occur in 
nature, ov thal, if it clos, ils Importance hits been exap 
gevaled by the theary.  lven, however, if the latter 
proposition should ever be proved, we may now be 
virtually cerlain that the only resell would he the rele- 
gation of all the residual phenomena of adaptition to 
other causes of the physical order -whether known or 
unknown, ence, as far as the matter of principle is 
concerned, we may definitely conclude that the great 
naturalistic movement of our century has already 
brought all the phenomena of adaptation in organic 
yature under precisely the same category of mecha- 
nical causation, as similar movements in’ previous 
centuries have brought all the known phenomena of 
inorganic nattre: the only question that remains for 
solution is the strictly sefexdific question touching the 
particular causes of the mechanical order which have 
been at work, 

So much, then, for the phenomena of adaptation, 
Turning next Lo those of beauty, we have already seen 
that the theoty of sexual selection stands to these in 
precisely the same relation as the theory of natural 
selection clocs to thoxe af adaptation. In other words, 
it supplics a physical explanation of them ; becéuse, 
as far ag our present purposes are concerned, it may 
be taken for granted, or for the sake of argument, that 
inasmuch as psychological elements enter into the 
question the cerebral basis which they demand involves 
a physical side, 

There ia, moreover, this further point of resemblance 
beliveen the two theories: neither of them has any 
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reference to inorganic nature, ‘Therefore, with the 
charm or the loveliness of landscapes, of carth and sea 
and sky, of pebbles, crystals, and so forth, we have at 
present nothing to do. Tfow it is that so many inani. 
mate objects are invested with beauly~ why it is that 
beauty attaches to architectuic, music, poetry, and 
many other things-~ these are questions which do not 
specially concen the biologist. Tf they are ever to 
receive any satisfactory explanation in terms of 
natural causation, this must be furnished at the hands 
of the psychologist. It may he possible for him to 
show, more satisfactorily than hitherto, that all beauty, 
whenever and wherever it occurs, is literally “in the 
eyes of the beholder”; or that, objectively considered, 
there is no such thing as beauty. It may be—and in 
my opinion it probably is--purcly an affair of the 
pereipient mind itself, depending on the'association of 
ideas with pleasure-giving objects, ‘This association 
may well lead to a liking for such objects, and so to the 
formation of what is known as wsthelic fecling with 
regard to them, Morcover, beauty of inanimatenature 
must be an affair of the percipient mind itself, unless 
there be a creating intelligence with organs of sense 
and ideals of beauty similar to our own. And, apart 
from any deeper considerations, this latter possibilily is 
scarcely entitled Lo be regarded asa probability, looking 
to the immense diversilics in those ideals among dif 
ferent races of mankind. But, be this as it may, the 
scientific problem which is presented by the fact of 
esthetic fecling, even if it is ever to be satisfactorily 
solved, isa problem which, as already remarked, must 
be dealt with by psychologists, As biologists we have 
simply lo accept this feeling as a fact, and to consider 
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how, out of such a feeling as a cause, the beauty of 
organic nature may have fallowed a4 an effeel. 

Now we have already seen how the theory of sexual 
selection supposes this lo have happened, But 
against this theory a formidable objection arises, and 
one which I have thought it best to reserve for (reat= 
ment in this place, because it serves to show the 
principal difference between Mare Darwin’s two preat 
generalizations, considered as generalizations in the 
way of mechanical theory. Tor while the theory o! 
natural selection extends equally throughout the whole 
range of organic nature, the Cheory of sexual selection 
has but a comparatively restricted scope, which, more- 
“over, is but vaguely defined. Jor it is obvious that 
the theary can only apply to living organisms which 
are sufficiently intelligent to admit of our reasonably 
accrediting them with susthetic tasle—namely, in 
effect, the higher animals, And just as this con~ 
sideration greally restricts the possible scope of the 
theory, as compared with that of natural selection, so 
does it render undefined the zoological limits within 
which it can he reasonably employed. Lastly, this 
necessarily undefined, and yet most important limita- 
tion exposes the theory to the objection just alluded 
to, and which T shall now mention, 

The theory, as we bave just scen, is necessarily 
restricted in ils application to the higher animals. 
Yet the facts which it is designed to explain are not 
thus restricted. or beauty is by no means restricted 
to the higher animals. ‘The whole of the vegetable 
world, and the whole of the animal world al Icaat as 
high up in the scale as the insects, must be taken as 


incapable of esthetic feeling, Therefore, the extreme 
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heauly of flowers, sea-anemones, corals, and so forth, 
cannot possibly he ascribed to sexual selection, 

Now, with regard to this difficulty, we must begin 
by excluding the case of the vegetable kingdom as 
irrelevant. Tor it has been readered highly probable—- 
if not actually proved —by Darwin and others, that the 
beauty of flowers and of fruits is in kurpe part due to 
natural selection. [Ll is to the advantage of flowering 
plants that their organs of (ructification should be 
rendered conspicuous — and in many cases also 
odoriferous,--in order to attract the insects on which 
the process of fertilization depends. Similarly, it is 
to the advantage of all plants which have brightly 
coloured fruits that these should be conspicuous for 
the purpose of attracting birds, which cat the fruits and 
so disseminate the seed, Hence all the gay colours 
and varied forms, both of Mowers and frélils, have been 
thus adequately explained as duce to natural causes,’ 
working for the welfare, as distinguished from. the 
beauty, of the plants. Mor even the distribution of 
colours on flowers, or the beautiful patterns whieh so 
many of them present, are found Lo be useful in guiding 
insects to the organs of fructification, 

Again, the green colouring of leaves, which lends 
so much benuly to the vegetable world, hay Ukewise 
been shown to be of vila importance to the physiology 
of plant-life; and, therefore, may also be ascribed to 
natura sclection. ‘Thus, there remains only the forms 
of plants other than the flowers, But the forms of 
leaves have also in many cases been shown to be 
governed by principles of utility; and the same fs to 
be said of the branching structure which is so 
characteristic of trees and shrubs, since this is the 
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form most effectual for spreading out the leaves to the 
light and air Tlere, then, we likewise find that the 
cause detarmining phint beauty is natural selection 5 
and so we may conclude that the only reason why 
the forms of trees which ae thas determined by 
utility appeal to us as beautiful, is because we are 
accustomed lo thene the most ordinary forms, Our 
ideas having been abyays, as if were, moulded upon 
these forms, wsthetic feeling becomes attached to 
them by the principle of association. At any rate, it 
is certain that when we contemplate almost any forms 
of plant-structure which, for special reasons of utility, 
differ widely from these (Lo ws) move habitual forms, 
the result is not suggestive of beauty, Many of the 
tropical and un-tree-like phunts--such as the cactus 
(ribe-strike us as odd and quaint, not as beautifal, 
_ Be this howe@er as it may, T trust 7 have said enough 
“to prove that in the vegetable world, at all events, the 
alininment of beauty cinnet be held to have been an 
object aimed at, so to speats, for ils own sake. FEven 
if, for the purposes of argument, we were lo suppose 
that all the forma and colours in the vegetable worle 
ave due to special cesipn, there could be no doubt 
that the purpose of this design has been in chief part 
a ulilitarian purpose; it has not aimed at beauty ex 
clusively for its own sake, Mor most of such beauty as 
we here perceive is plainly due to the means adopted 
for the attainment of life-preserving: ends, which, of 
course, is a metaphorical way of saying that it is 
probably due to natural selection |, 


‘The beauty of nutwanal tits in fading Teaves may posslhly be 
adduced per contra. Hot bere we have to remember that it is only 
some kinds of leaves which this become beautiful when fading, while, 
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Turning, then, to the animal kingdom below the” 
level of insects, here we are bound to confess that 
the beauty which so often meets us cannot reasonably 
be ascribed cither to natural or to sexual selection, | 
Not to sexual selection for the reasons already given ;i 
the animals in question are neither sufficiently in. 
telligent to possess any wsthetic taste, nor, as a matter 
of fact, do we observe that they exercise dny choice 
in pairing. Not to natural selection, because we cannot 
here, as in the case of vegetables, point to any benefit 
as generally arising from bright colours and beautiful 
forms. On the principles of naturalism, therefore, we 

“are driven to conclude that the beauty here is purely 
{ adventitious, or accidental, Nor need we be afraid to 
make this admission, if only we take a sufficiontly wide 
view of the facts. J’or, when we do take such a view, 
we find that beauty here is by no mean#of invarlable, 
or even of general, occurrence, There is no loveliness 
about an oyster or a lob-worm; parasites, as a rule, 
are positively ugly, and they constitute a good half of 
all animal species, The truth seems to be, when we 
look attentively at the matter, that in all cases where 
beauty does occur in these lower forms of animal life, 
its presence is owing to one of lwo things—either 
to the radiate form, or to the bright tints. Now, 
secing that the radiate form is of such general 
occurrence among these lower animals—-nppearing 
over and over again, with the utmost insistence, even 
among groups widely separated from one another by 


even ag regards those (hat do, it is notremakable that thelr chlorophyll 
should, ng it were, accidentally assume brilliant Unts while breaking 
ddwn Into lower grades of chemical conalitution. ‘Che case, in fret, 18 
exactly parallel to those in the animal kingdom which me constdered in 
she ensuing pmagraphs, 
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the Jatest results of scientific classification- - secing this, 
it becomes impossible to doubt that the radiate form 
is due to some morphological reasons of wide gener- 
ality. Whether these reasons be connected with the 
internal Jawa of growth, or to the external conditions 
of environment, IT do not pretend to suggest, But I 
feel safe in snying that it cannot possibly he due to 
any design to secure beauty for its own sale, Cie] 
‘very generality of the radiate form is in ilself enough 
to suggest that it must have some physical, as ais 
tinguished fram an asthetic, explanation for, if the 
attainment of beauty had here been the object, surely ; 
it might have been even more effectually accomplished } 
by adopting a greater variety of typical forms—as, for ' 
instance, in the case of flowers, 

Coming then, lastly, to the case of brilliant tints in 
the lower aftimals, Mr. Darwin has soundly argued 
that there is nothing forced or improbable in the 
supposition that oranic compounds, presenting as 
they do such highly complex ancl such varied chemical 
constitutions, should often present brilliant colouring 
incidentally, Considered merely as colouring, there 
is nothing in the world more magnificent than arterial 
blood ; yet here the colouring is of purely utililarian 
significance, It is of the first importance in the 
chemistry of respiration ; but is surcly without any 
meaning from an wathelic point of view. Tor the 
colour of the cheeks, and of the flesh generally, in 
the wive races of mankind, could have been produced 
quite ag effectually by the use of pigment—aa in the 
case of cerlain monkeys, Now the fact that in the 
case of blood, as in that of many other highly 
coloured fluids and solids throughout the animal 
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kingdom, the colour is concealed, is surely sufficient . 
proof that the colour, if reyarded from an aesthetic 
point of view, is accidental, Therefore, when, as in 
other cases, such colouring occurs upon the surface, 
and thus becomes apparent, are we not irresistibly 
led to conclude that its erA/e‘ten in such cases is 
likewise accidental, so far as any question of asthetic 
design is concerned ? 

4L have now briefly glanced at all the main frets of 
organic nature with reference to beauty; and, as a 
result, I think it is impossible to resist the general 
conclusion, that in organic nature beauty does a 
ogist as an end gor se. All cases where beauty can 
be pointed to in organic nature wre seemingly due~ 
cither to natural selection, acting without reference 
to beauty, but to utility; to sexual selection, vl 
ing with reference to the taste of aniifials 5 or olse! 
to sheer accident} And if this general conclusion 
should be held to need any special verification, is it 
not to be found in the numberless cases where or- 
ganic nature not only fails to be beautiful, but reveals 
itself as the reverse, Not again to refer to the case 
of parasites, what can be more unshapely than a 
hippopotamus, or more generally repulsive than a 
crocodile? If it be said thal these are exceptions, 
and that the forma of animals asa rule are graceful, 
the answer -even apart from parasites--is obvious, 
In all cases where the habits of life are such as to 
render rapid locomotion a matter of utilitarian 
necessity, the outlines of an animal mus¢ be 
graceful—else, whether the locomotion be terrestrial, 
acrial, or aquatic, it must fail to be swift. Ilence it 
is only in such cases as that of the hippopotamus, 
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rhinoceros, elephant, crocodile, and so forth, where 
natural selection has had no concern in developing 
speed, that the accompanying accident of pracefulness 
can be allowed to disappear. But if beauly in or- 
ganic nature had been in itself what may be termed 
an artistic object on the part of a divine Creator, it 
ig absurd to sugmest thal his design in this mitter 
should only have heen allowed to appear where we 
are able to detect ather and very good reasons for its 
appearance, 


* 


Thus, whether we look to the facts of adaptation 
Sor to those of beauty, everywhere throughout organic 

nature we meet with abundant evidence of natural 
causalion, while nowhere do we meet with any in- 
dependent evidence of supernatural design. But, 
having led @p lo this conclusion, and having thus 
stated it ax honestly as I can, | should like to finish 
by further stating what, in my opinion, is its logical 
bearing upon the more fundamental tenets of religious 
thought. 

Ags I have already observed at the commencement 
of this brief exposition, prior to the Darwinian theary | 
of organic evolution, the theologian was prone to point 
to the realm of organic nature as furnishing a peculiarly: 
rich and virtually endless store of facts, all combining 
in their testimony to the wisdom and the heneficence 
of the Deity, Innumerable adaptations of | 
to functions appeared to yicld convincing evidence 
in favour of designs; the beauly so profusely shed | 
by living forms appeared to yield evidence, no less 
convincing, of that design as beneficent. But bal 
thesé sources of evidence have now, as it were, been 
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! apped at their fountain-head: the adaptation and 

sthe beauty are alike receiving their explanation at 

ithe bands of a purely mechanical philosophy. Nay, 
even the personality of man himself is assailed; and 
this not only in the features which he shares with 
the lower animals, but also in his god-like attributes 
of reason, thought, and conscience, All nature has 
thus been transformed before the view of the present 
generation ina manner and to an extent that hag 
never’ before been possible: and inasmuch as the 
change which has taken place has taken place in 
the direction of naturalism, and this to the extent of 
rendering the mechanical interpretation of nature uni« 
versalsit is no wonder if the religious mind has suddenly 
awakened to a new and a terrible free in the wards of 
ils traditional enemy—Where ig now thy God? 

This is not the place to discuss the! bearings of 
science on religion; but I think it is a place where 
one may properly point out the limits within which no 
such bearings obtain. Now, from what has just been 
said, it will be apparent that I am not going to 
minimise the change which has been wrought. On 
the contrary, I believe it is only stupidity or affecta- 
tion which can deny that the change in question is 
more deep and broad than any single previous change 
in the whole history of human thought. It ig a fun« 
damental, a cosmical, a world-transforming change. 
Nevertheless, in my opinion, it is a change of a non+ 
theistic, as distinguished from an a-theistic, kind, It 
has rendered impossible the appearance in literature 
of any fulure Paley, Bell, or Chalmers; but it has 


' The best trentise on this subject In Prof, Le Conte's Zeolution and 
its Relation to Religions Thought (Appleton & Co, 1888), 
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done nothing in the way of negativing that belief in a 
Supreme Being which it was the object of these 
authors to substantinte. If it has demonstrated the 
futility of their proof, it has furnished nothing in the 
way of disproof, Lt has shown, indeed, that their line 
of argument was misjudged when they thus sought 
sto separate organic nature from inorganic aga theatre 
for the special or peculiar display of supernatural 
design ; but further than this it has not shown anything. 
The change in question therefore, although greater in 
degree, is the same in Isind as all its predecessors: like 
all previous advances in cosmological theary which 
have been wrought by the advance of sctence, this 
latest and greatest advance has been that of revealing 
the constitution of nature, or the method of causation, 
as everywhere the same But it is evident that this 
change, vastauxl to all appearance final though it be, 
must end within the limits of natural causation itself. 
The whole work! of life and mind may now have been 
annexed to that of matter and energy as together 
constituting one magnificent dominion, which is 
everywhere subject to the same rule, or method of 
government, Dut the ulterior and ultimate question 
touching the nature of this government as mental or 
non-mental, personal or impersonal, remains exactly 
where it was. Indeed, this is a question whieh cannot 
be affected by avy acvance of science, further than 
aclence haa proved herself able to dispose of erroncous 
arguinoula based upon ignorance of nature, Tor while 
the sphere of science is necessarily restricted to that 
of natural causation which it is her office to explore, 
the question touching the wature of this natural 
causation is one which as necessarily Iles without the 
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whole sphere of such causation itself: therefore it Hes 
beyond any possible intrusion hy science. And not 
only so, But if the nature of natural causation be 
that of the highest order of known existence, then, 
although we must evidently be incapable of conceiving 
what such a Mind is, at Jeast we seem capable of 
judging what in many respects it is not. It cannot. 
be more than one; it cannot be limited either in 
space or time; it cannot be other than at least as 
self-consistent as its manifestations in nature are ine 
variable. Nov, from the latter deduction there arises 
a point of first-rate importance in the present con- 
nexion. For if the so-called Tirst Cause be intelligent, 
and therefore all secondary causes but the expression 
of a supreme Will, in as far as such a Will ts self. 
consistent, the operation of all natural causes must 
be uniform,~with the result that, as seen by us, this 
operation must needs appear to be what we call- 
mechanical, ‘The more unvarying the Will, the more 
unvarying must be this expression thereof; so that, 
if tho former be absolutely self-consistent, the latter 
cannot fail to be as reasonably interpreted by the 
theory of mindless necessity, as by that of ubiquitous 
intention, Such being, as it appears to me, the pure 
logic of the matter, the proof of organie evolution 
amounts to nothing more than the proof of a natural 
process, What mode of being ia ultimately concerned 
in this process or in what it is that this process 
ultimately consists—is a question upon which science 
is as voiceless as speculation is vociferous, 

But, it may still be urged, surely the principle of 
natural selection (with its terrible basis in the struggle 
for existence) and the principle of sexual selection 
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With iig consequence in denying: beauty fo be an end 
-jn itself) demonstrate that, 7/ there be design in nature, 
such design at all events cannot he beneficent. To 
this, however, I should again reply that, just as 
touching the major question of design itself, so! as 
touching this minor question of the quality of such 
design as beneficent, Ido not see how the matter has 
been much affected by a discovery of the principles 
before us. Mor we did not need a Darwin to tell us 
that the whole creation groaneth and travaileth to- 
gether in pain. The most that in this connexion 
Darwin can fairly be said to have done ig to have 
estimated, ina more careful and precise manner than 
any of his predecessors, the range and the severity of 
this travail, And if it be true that the result of what 
may be called his scientific analysis of nature in respect 
of suffering i# to have shown the law of suffering even 
+more severe," more ubiquitous, and more neccssary 
than it had ever been shown before, we must remember 
at the same time how he haa proved, more rigidly 
than was ever proved before, that suffering is a 
condition to improvement—struggle for life being the 
raison @'éive of higher life, and this not only in the 
physical sphere, but also in the mental and moral. 
Lastly, if it be said that the cdo7ce of such a method, 
whereby improvement Is only secured at the cost of 
suffering, indicates a kind of callousness on the part 
of an intelligent Being supposed to be omnipotent, I 
confess that such does appear to me a legitimate 
conclusion—subject, however, to the reservation that 
higher knowledge might displace it. Tor, as far ag 
matters are now actually presented to the unbiased 
contemplation of a human mind, this provisional 
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inference appears to me unavoidable— namely, that 
if the world of sentient life be due to an Omnipotent 
Designer, the aim or motive of the design must have 
been that of securing a continuous advance of animal 
improvement, without any regard at all to animal suf- 
fering. Vor I own it docs not seem to me compatible 
with a fair and honest exercise of our reason to set the 
sum of animal happiness over against the sum of animal 
misery, and then to allege that, in so far as the formor 
tends to balance-—or to over-halance—the latter, thus 
far is the moral character of the design as a whole 
vindicated. Jéven if it could be shown that the sum of 
happiness in the brute creation considerably preponder- 
ates over that of unhappiness—which is the customary 
argument of theistic apologists,—we should still remain 
without evidence as to (his state of matters having 
formed any essential part of the design. On the other 
hand, we should still be In possession of seemingly good * 
evidence Lo the contrary. Tor it is clearly a condition 
to progress by survival of the filtest, that as soon as 
organisms become sentient sclection must be ex- 
ercised with reference to sentiency ; and this means 
that, if further progress is to take place, states of 
senticney wus? become so organized with reference to 
habitual experience of the race, that pleasures and 
pais shall answer respectively to slates of agreement 
and disagreement with the sentient creature’s environ- 
ment. ‘Those animals which found pleasure in what 
was deleterious to life would not survive, while those 
which found pleasure in what was beneficial to life 
would survive; and so eventually, in every species of 
animal, states of senticncy as agreeable or disagreeable 
must approximately correspond with what is good for 
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the species or bad for the species, Indeed, we may 
"Jogitimately surmise that the reason why senticncey 
(and, @ Jortiori, conscious volition) has ever appeared 
upon the scene at all, has been because it furnishes: 
through this continuously selected adjuauinent of alates 
of sentioncy to states of the sentient organiam— so 
admirable a means of securing rapid, and often refined, 
adjustments by the organism to the habitual conditions 
of ita life. Bul, if so, not only is this state of matters 
a condition Lo progress in the future; it is further, 
and equally, a consequence of progress in the past. 
However, be this as it may, from all that has gone 
before docs it not become apparent that pleasure or 
happiness on the one hand, and pain or misery on the 
other, wus? be present in sentient nature? And so 
long as they are both seen to be equally necessary 
under the process of evolution by natural selection, 
we have cleitrly no more reason to regard the pleasure 
than the pain ag an object of the supposed design. 
Rather tnust we see in both one and the same 
condition to progress under the method of natural 
causation which is before us} and therefore I cannot 
perceive that it makes much difference—so far as the 
argument for beneticence is concerned—whether the 
pleasures of animals ottweigh thelr pains, or vce 
vers, . 
Upon the whole, then, it. seems to me that such 
evidence as we have js ayainat rather than in favour 
of the inference, that if design be operative in animate 
nature it has reference to animal enjoyment or well- 
being, as distinguished from animal improvement or 
evolution, And if this resulé should be found dis- 


! See Adental Evolution in Animals, pp Vio 11 
be 
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tasteful to the religious mind- 4f it be felt that there 
is no desive to save the evidences of design unless 
they serve at the same time to testify to the nature of 
that design as beneficent, -I must once more observe 
that the difficulty thus presented Co theism is not a 
difficulty of modern creation. On the contrary, it has 
always constituted the fundamental diflicully with 
which natural theologians have had to contend. The 
external world appears, in this respeet, to be at 
variance with our moral sense; and when the an- 
tagonism is brought home to the religious mind, it 
must ever be with a shock of torificd surprise. It 
has been newly brought home to us by the general. 
izations of Darwin; and therefore, as I said at the 
beginning, the religious Uhought of our generation 
has been more than ever staggered by the question— 
Where is now thy God? But T have endeavoured to 
show that the logical standing of the case has pot 
been materially changed; and when this ery of 
Reason pierecs the heart of Faith, it remains for 
Faith to answer now, as she has always answered 
before—and answered with that trast which is at 
once her beauly and her life- -Verily thou art a God 
that hidest thyself 
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APPENDIX TO CIUAPTER V, 


ON OPOCTIONS WHICH HAVE AEN DROVGINL AGAINSL ‘THE 
‘Theory ov Orcasic Evoru rion ox GRounns oF 
Van.von'ronocy, 

a 

Wire stating in the text, and in a necessarily general way, 
the evidence which is yielded by palwontology to the theory 
of organic evolution, | have been desirous of not overstating 
i, ‘Therefore, in the earlier paragraphs of the chapter, 
which deal with? the most general heads of such evidence, I 
introduced certain quulifying phrases; and J will now give 
the reasons which led me to do so. 

Of all ihe five biological sciences which have been called 
into evidence -viz, those of Classification, Morphology, 
Embryology, Pakeontology, and Geographical Distribution— 
it ix in the ene of paleontology alone that any important 
or professional opinions alil! continue to be unsatisfied, 
‘Therefore, in order that justice may be done to this line of 
dissent, 1 have thought it better to deal with the matter in 


a separate Appendix, rather than to hurry it over in the + 


(ext. And, na all the difficulties or objections which have 
been advanced against the theory of evolution on grounds of 
palmontology muat vary, 4 (0 their strength, with the estimate 
which ia taken touching the degree of imperfection of the 


. geological record, I will begin by adding a few paragraphs to | 


* what has already been said in the text upon this subject. 
am then, ag to the ag to the difficuliles in the way of fossils being, - 


y 
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formed at_all,, We have alrenily noticed th the toxt that it is 
only the more or less hard parts of organisms which under 
any circumstances can be fossilized ; and even the hardest 
parts quickly disintegrate if not protected from the weather 
on land, or from the water on the sea-hottom. Moreover, as 
Darwin says, “we probably take a quite erroneous view 
whon we assume that sediment fs being deposited over 
nearly the whole bed of the sea, at a rate sufficiently quick 
to embed and preserve fossil remains,  ‘Uhroughout an 
enormously large propottion of the ogean, the bright blue 
lint of the water bospeaks its purity, ‘The many cases on 
record of a formation conformaply covered, after an immense 
interval of time, by @nather ands late formation, without the 
underlying bed having suffered in the interval any wear and 
tear, seem explicable only pn the view of the bottom of the 
sea not sarely lying for ages in an unaltered condition.” 
Next, as regards littoral animals, he shows the difficulty 
which they must have in becoming fossify, and gives a 
striking example in several of the existing species of a sub- 
fanily of cirripedes (ChvAamaline), “which coat the rocks all 
over the world in infinite numbers,” yet, with the exception of 
one spevios which inhabits deep water, no vestige of any of 
them has been found in any terdary formation, although it is 
known that the genus CAdhamalus existed through the Chalk 
period. Lastly, “with respect to (he terrestrial productions 
which Hved through the secondary and palmeozoic periods, it 
ix superfltous to state our evidence is fragmentary in an 
extreme degree, For fistance, antl recently not a land 
shell was known belonging to cither of there vast periods,” 
with one exception; while, “in regard to mammiferous 
remains, & glance at the historical table in Lyell’s Manual 
will bring home the truth, how aceldental and rare has been 
their preservation, far better than pages of detail, Nor is thoir 
rarity surprising, when we remember how large a proportion 
of the hones of tertiary mammals have been ciscovered either 
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in caves or in lecusteine depositas and that nat a cave or 
true Jacustine bed is known he louging to the age of our 
secondary ar paleazoie lor maations.” 

* But perhaps of even more importinee than all hese known 
gates which prevent the formation of fossils, is the existence 
of unknown cates whieh make for the same result. Mer 
example, the ysch-formation is a formation of several 
thousand feet in thickness (a8 miuch as 6000 in some places), 
and it extends for at least goo miles from Vienna to 
Switzerland; moreoyer, if consisis of shale and sandstone, 
Therefore, alike in respect of lime, space, and eharaciey, iL is 
just such a formation, agwe' should expect to find highly rich 
in fossils; yet, “ aluatgli hid: groat ‘fogs, has been most 
carefully searched, no ‘ol, excoph a fawvegciable remains, 
have been found.” 





So much then for the difieuily, 80 w speak, which nature : 


experignces in the manufrcture of fossils. Probably not one 
per cont, of Uf species of animals which have inhabited the 
varth has left a single individual asa fossil, whereby fo record 
its past existence, 


But of even more importance than this dificully of makin 
forsils in the first instance, iy the difficulty. bsp 
when thay gre made, ‘The vast mojority of fossils have been 


formed under water, and a large proportional number of 
these---whether the animala were marine, terrestrial, or 
inhabitants of fresh water—have beon formed in sedimentary 
dlepoxits uither of sand, gravel, or other porous material. 
Now, where stich deposita have been afterwards rafsed into 
the air for any considerable time—and this has heen more or 
fess the case with all depgsits which are available for explora- 


tion their fogsilifurous contents will have been, as a general ’ 


rule, dissolved by the percolation of rain-water charged with 
carbonic acid. Similarly, sea-water has recently been found 
to be @ aurprisingly strong solvent of calcareous material: 


hence, Saturn-like, the ocean devours her own progeny 


o 


, 
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as far as shells and bones of ‘nll kinds aré concerned— 
and this to an extent of which ve have probably no adequate 
conception. . : 

Of still greater destructive influence, however, than. these 
solvent agencies in earth and sea, are the erosive agencies of 
both, Any one who watches the pounding of the waves 
upon the shore; who then observes the effect of it upon the 
rocks broken into shingle, and on the shingle reduced to 
sand; who, looking behind him at the cliffs, sees there the 
evidence of the gradual advance of this all-pulverising power 
—an advance so gradual that no yard of it is necomplished 
until within that yard the “white teeth” have eaten well into 
the * bowels of the earth”; who then reflects that this process 
is going on simultaneously over hundreds of thousands of miles 
of coast-lines throughout the world; and who finally extends 
his mental vision from space to time, by uying dimly to 
imagine what this ever-ronring monster must bave consumed 
duing the hundreds of millions of years thife slowly rising . 
and slowly sinking continents have exposed their whole areas 
to her jaws; whoever thus observes and thus reflects must be 
a dull man, if he does not begin to feel that in the presence 
of such a destroyer as this we have no reason to wonder at a 
frequent silence in the testimony of the rocks, 

But although the erosive agency of the sea is thus | 
inconceivably great, it is positively small if compared with 
erosive agencies on land. ‘The constant action of rain, wind, 
and running water, in wearing down the surfaces of all lands 
into “the dust of continents to be”; the disintegrating 
effects on all but the very hardest rocks of winter frosts | 
alternating with summer heats; the grinding power of ice 
in periods of glacintion; andl Jast, Int not least, the whole- 
sale melting up of sedimentary formations whenever these 
have sunk for any considerable distance beneath the earth's 
surface :—~all these agencies taken together constitute so 
prodigious a sum of energies combined through immeasure- 
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able ages in their common work of destiuction, that when 4 
we (ry to realise what it mukl amount to, we can scarcely 
fail io wonder, not that the geological record §s highly im- } 
perfect, but thal #0 much of the record Ins survived as we 
find to have been the case. Aud, if we add {o these erosive 
and solvent agenctes on land the erosive and solvent agencies 
of the sea, we may almost hegin to wonder that anything 
deserving the name of a geological record is in existence 
atall. 

That such estimates of the destructive powers of nature 
are not mere matters of speculative reasoning may he amply 
shown by stating one single fact, which, like so many others 
where the present subject is converned, we owe lo the 
generalizations of Darwin, Phuonie rocks, being those which 
have emerped from subterranean heat of melting intensity, 
must clearly at some time or another have Iain beneath the 
whole thickness of sedimentary deposits, which at that time 

occupied any ‘part of the eaith’s surface where we now (ind 
the Plutonic rocks exposed to view. Or, in other words, 
wherever we now find Phitonic rocks at the surface of the earth, 
we must conclude hitall the sedimentary rocks by which they 
were covered when in a molten state have since becn entirely 
destroyed } several vertical miles of the only kinds of racks 
_ in which fossils can possibly occur must in all such cases 
‘have been abolished rv dof, Now, in many paris of the 
world metamorphic rocks-~which have thus gradually risen 
from Platonic depths, while miles of various other rock- 
, formations have been removed from thelr now exposed 
+ surfacea—cover immense areas, and therefore testify by their 
present horizontal range, no less than by their previously 
vertical depth, to the enormous scale on which a total 
destruction has taken place of everything that once Iny 
above them, or instance, the granitic region of Parime ix 
Fal Jonat ninetcen times the alze of Switzerland; a similar 
region south of the Amazon is probably larger than France, 


— 
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Spain, Tully, and Great Britain all put togethers and, more 
remarkable still, over the aren of the United States and 
Canada, glanitic rocks exceed in the proportion of rg to ray 
the whole of the newer Pakvozoie formations, Lastly, alter 
giving these examples, Darwin adds the important con- 
sideration, that “in anany regions the metamorphic sand 
granitic rocks would be found much more widely extended 
than they appear to be, if all che sedimentary beds were 
removed whieh rest uneoenformably on them, and which 
could not have formed part of the original mane under 
which they were crystallized,” 

© Theabove is a brief condensation of the already condensed 
statement Which Darwin las given of the imporfection of the 
geological record; but L think it is enough to show, in a 
general way, how precarious must be the nature of any 
objections to the theory of evolution whieh aye founded 
merely upon the silence of pakvontology in cases where, if 
the record were anything like complet, we shuld be entitled 
to expect from it some positive information, But, as we 
have seen in the text, imperfect hough the record be, in as 
far as it furnishes positive information at all, this is well-nigh 
uniformly in favour of the theory; aud therefore, even on 
grounds of palwontology wone, it appears tome that Darwin 
is much tov liberal where he concludes his diaguasion by 
saylig, “Those who believe that the geological record is 
in any degree perfect, will undoubtedly at once reject the 
theory.” If in any measure reasonable, such persons ought 
rather to exanting their de to such a belief; and even if they 
disregard the consensns of testimony which is yielded by all 
the biological sciences to the theory of evolution, they ought 
at lewst to hokl their judginent in suspense until they shall 
have not only: aet against the apparently negative lestinony 
which is yielded by geology ita unquestionably positive testi- 
mony, but also well considered the causes which may-—or 
rather most—have so gravely impalred the geological record. 
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However, be this ax it may, T will now pass on 10 con- 
sider the dificultion and objections whieh have been brought 
against the theory on grounds of palvontology, 

These mity be chesilied under four heads, First, die ab-# 
gence of varietal links between allied species; second, the 
sudden appearance of whole groupa of species -not only at 
genera ud fimities, bat even sometimes ay orders and classes 

avithaut any forms leading up to them 5 third, the accurrence 
of highly organized types at much lower levels of geologica 
straty than su evolutionist would wntecedently expect; and 

fourth, the absence of fossils of any kind lower down thar 
the Cambrian slrata, i 

Now all these objections depend on estimates of the im- 
perfection of the geologieal xecord much lower than that 
which is formed by Darwin, ‘Therefore L have arranged the 
objections in their order of difticulty in this respect, or in the 
order that requires successively incrensing estimates of the 

“fnperfection @f the record, if they are 10 be successively 
answered, 

L think hat the first of tem has heen already answered in 
the text, hy showing Unt even a very moderate estimate of the 
imperfection of the record is enough to explain why interme- 
diate rartedies, connecting allied specves, ave but comparatively 
seldom met wlth. Moreover it wax shown that in some cases, 
where shells are concerned, remarkably well-connected serles 
of auch varieties have been met with, And the same applies 
ta apeclex aud genera in certain other cases, as fn the 
equine family, 

But no doubt a greater difficulty ariges where whole groups 
of species and genera, or even families and orders, appear to 
ariae sucklenly, without anything leading up lo them. Even 
thie die second difficulty, however, admits of being fully met, 
when we remember that in very many cases it has been 
proved, quile apnrt from the theory of descent, that super- 
jacent formations have been separated from one another by 
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wide intervals of time, And even although it often happens 
that intermediate deposita which are absent in one part of 
the world are present in another, we have no right to assume 
that such is always the case. Besides, even if it were, we 
should have no right further to asvume that the faunas of 
widely sepatated geographical areas were identical duing the 
me represented by the intermediate formation, Yet, unless 
they were identical, we shoukl not expeet the fossils of the 
intermediate formation, whee extant, to ylekl evidence of 
what the fossils would have been in this ame formation clse- 
where, had it not been there destroyed. Now, asa matter of 
fact, “ geological formations of each region ave almost ine 
variably intermittent”; and although in many cases a more 
or less continuous recoil of past forms of life can be 
obiained by comparing the fossils of one region and forma- 
tion with those of another region and adjacent formations, 
itis evident (from what we know of the present geographical 
distribution of planis and animals) tit not a few cases there 
must have been where the intiruption of the record in 
one region cannat be made good by thus interpolating the 
fossils of another region, Anck we must remember it is 
by selecting the cases where this cannot be done that the 
objection before us is made to appear formidable, In other 
words, wless whole groups of new species which are un 
known in formation A appear suddenly in formation C 
of one region (X), where the intermediate formation 1} is 
absent; and wadess in some other region (Y), where B is 
present, the fossiliferous contents of B fail to supply the fossil 
ancestry of the new species in A(X); waless such a state of 
matters is found to obtain, the objection before us has nothing 
to say. But at best this is negative evidence ; and, in order 
to consider it fairly, we ought to sct against it the cases where 
an interposition of fossils found in B (¥) does furnish the fossil 
ancestry of what would o/Aertu/se have been an abrupt appear- 
ance of whole groups o} new spec.es in A(X), Now such 
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cages are neither few nor unimportant, nnd therefore they 
deprive the objection of he force it would have had if the 
selected cases to the contrary were the generat rale, 

Jn addition to these consideravons, the following, some of 
which are of a more special kind, appear to me so Important 
that I will quote them almost s2 evdrso 


We continually forget how large the world is, compared with 
the area over which our geological formations have been care- 
fully oxnmined: we forget that groups of species may elsewhere 
have long existed, and have slowly multiplied, before they in- 
vaded the aneient archipclagoes of Europe and the United States, 
We do not nike due allowance for the intervals of time which 
have clipsed between our consecutive formutions,—-longer per= 
haps in many cases than the lime required for the accumulation 
of each formation, ‘These intervals will have given fie for the 
multiplication of species fom some one pment form ; and, in 
the succeeding formation, such groups of species will appear as 
if suddenly cr@ued, 

T may hore recul a remmuk formerly made, namely, that it 
might require a long succession of ages, fo adapt an organism 
o some new and peculiar ling of life, for instance, to fly through 
the airs and conscquently that the transitional form would often 
Jong remain confined to some one region; but that, when this 
adaptation had once been effected, and a few species had thus 
acquired n grout advantage over other organisms, @ comparas 
tively short time would be necessary to produce many divergent 
forms, which would apread rapidly and widely throughout the 
worlds s+ ' 

Tn geologient treatises, published not many years ago, 


mammals were always spuken of us | having abru ptly come, in at, 
“obs conuniclicoment, TeMilany;Setiga,” Avi"now one of the 


richest known accumulations of fogsii mammals betonga ta the 
middle of the secondary series ; and true mammals have been 
discovered in the new red sandatone at nearly the commences 
mont of this great series. Cuvier usedl to urge that 10 monkey 
occurred in any tertiary stratum; but now extinct species have 
been discovered in India, South Americn, and in Europe as far 
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back as the miocene alage.  Llnel it not been for the rare necident 
of the preservation of foolsteps in the new red sandstone of the 
United States, who would hive ventured to suppose that, ne 
leas than at lenst thirty kinds of bind-like animils, some of 
gigantic size, cxisted duving What period? Not a frayment 
of bone has ‘been discovered in these beds. Not long ayo 
paleontologists maintained that the whole class of birds came, 
suddenly into existence dwing the eovene period; but now 
“we know, on the authoiity of Professor Owon, that a bird 
ceitainly lived during the deposition of the upper green-sand. 
And still more recently that strange bird, the Archeopteryx .. 
has been discovered in the oolitic slates of Solenhofen, — Tardly 
any recent discovery shows more forcibly than this, how little 
we as yet know of the founer inhabitants of the world, 

I may give another instance, which, from having passed 
under my own cyes, has much stryck me. In a memoit on 
Fossil Sessile Citripedes, I stated that, from the number of 
existing and extinct tertiary species ; from the extraordinary 
abundance of the individuals of many species all over the wold 
from the Arctic regions to the equator, inhabiting various zones 
of depths from the upper tidal limits to 50 fathoms; from the 
perfect manner in which spechnens are preserved in the oldest 
terliary beds; from the exse with, which even a fragment of 
a valve can be recognized; from all these circumstunces, | 
inferred that had sessile cirripedes existed dni the seconday 
perfods, they woukl certtinly have been preserved and dis: 
covered; and as not one species had then been discovered 
in beds of this age, 1 concluded that thia great group had been 
suddenly developed at the commencementof the terdnry series, 
This was a sore trouble to me, adding aa 1 thought ong more 
instance of the abrupt appearance of a grent group of apecias, 
But my work hil hurdly been publighed, when a skilful paleon- 
tologist, M, Bosquet, sent me a drawing of a perfect specimen of 
an unmistakeable sessile cirripede, which he had himagolf ex« 
tracted from the chalk of Belgium. And, aa if to make the case 
ag alriking aa possible, this scgile civripede waa a Chthamalus, 
a very common, huge, and ubiquitous genus, of which not one 
specimen has as yel been found even in any tertiary stratum, 
Still more recently, a Pyrgoma, a member of a distinct aub- 
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family of sessile cirripedes, has been discovered hy Mx. Woodward 
in the upper chalk; xo Ghat we now have abundant evidence of 
the existence of this group of animals during the secondary 
period. +e 

The cane most fequently insisted on by paleontologists of the 
apparently sudden appearance ofa whole gioup of species, is that 
of the teleastean fishes, low down, according to Agassiz, in the 
Chalk period. ‘Chis group includes the large majority of existing 
species. Bat certain Jurassic and ‘Triassic forma are now 
commonly admitted to he toleostean ; and even some palivozoic 

forms have been thus classed by one high authority. If the 
teleostcans hud really appeared suddenly in the northern 
homisphere, the fret woukl have been highly remarkable; but 
it would not have formed an insuperable difficulty, jnless 
it could likewise have been shown that at the same period 
the species were suddenly and simultaneously developed in 
other quarters of the world, It is almost superfluous to re~ 
mark that hardly any fossil fish are known from south of 
the equator; and by running through Picte’s Paleontology it 
will he seen that very few species are known from severat 
formations in Europe. Same few families of fish now have 
aconfined range; Ue teleostean fish might formerly have had 
a similaly confined range, and after having been largely 
developed in some one sea, Inight have spread widely. Nor 
have we dny right lo suppose that the seas of the world have 
alwaya been 60 freely open from south to north as they are 
al present, Even at tis day, if the Malay Archipelago were 
converted duta Jand, the tropical parts of the Indian Ocean 
would form. a large and perfectly enclosed basin, in which any 
great group of imine animals might be multiplied ; and here 
they would remain confined, until same of the species became 
adupled to a couler climate, und were enabled to double the 
southern capes of Africa or Auatralin, and thus reach other and 
distant seus, 

From these considerations, from our ignorance of the geology 
of other cauntries beyond the confines of Kurope and the United 
States; and from tho revalution in our paleontological knowledge 
effected by the discoveries of the Jnst dozen years, It seems (o 
me to be about as rah to dogmatize on the succession of organic 
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forms throughout the workl, as it would be for a naturalist to 
Innd for five minutes on some one bianen point in Austialia, 
and then W discuss the number and range of its productions ', 


In view of all the foregoing facts and considerations, it 
appears lo me that the second difficulty on our list is com- 
pletely answeied, Indeed, even on a moderate estimate of 
the imperfection of the geological record, the wonder would 
have been if many cases had vof occuned whe groups of 
species present the fictitious appeaance of having beon 
suddenly and simultancously created in the paiticular forma. 
tions where thelr vemains now happen to be observable, 

Tuning next to the third objection, there cannot be any 
question that every here and there in the geological sates 
animals occur of a much higher grade zoologically than the 
theory of evolution would lave expected to find in the strata 
where they are found, At any rate, speaking for myself, 1 
‘should not have antecedently expected to thes with such 
highly differentiated insects as butterflies and dragonflies in 
the middle of the Secondaries: stil less should I have ex+ 
pecled to encounter beetles, cockroaches, spiders, and May- 
flies in the upper and middle Primaries—not to mention an 
insect and a scorpion even in the lower, And I think 
the same remark applies to a whole sub-kingdom in the case 
of Vertebrata, Vor although it is only the lowest class of 
the sub-kingdom which, so far as we positively know, was 
represented in the Devonian and Silurian formations, we 
mutst remember, on the one hand, that even a cartilaginous 
or ganoid fish belongs to the highest sub-kingdom of the 
animal series; and, on the other hand, that such animals are 
(us pioved to have abounded in the very lowest strata 
whete there is good evidence of there having been any forms of 
Mfc atall, Lastly, the fact that Marsupials occur in the Tring, 
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coupled with the fret that the still existing Monotremata 
me what may he termed animated fossils, referring us by their 
lowly type of organization to some period enormously more 
remote,~-thene facts render it practically certain chat some 
members of this very highest dass of the highest sub-kingdom 
oust have existed fur back in the Primaries, 

"These things, T say, f should not have expected to find, 
and J think all other evolutionisty ought to be prepared to 
make the same acknowledgment. But as these things have 
been found, the only possible way of accounting for them on 
evolutionary principles is by supposing that the geological 
record ix even more imperfect Uian we needed lo suppose in 
order lo meat the previous objections, I cannot see, howevei, 
why evolutionists should he afinid to make this acknowledg- 
ment. For J do not know any reason which would lead us to 
suppose that there is any common meastne helween the 
distances marked on our tables of geologival formations, and 
the times whic (hose distances severally represent, Let the 
render turn to the table on page 163, and then let him say 
why the 30,000 [vet of so-called Azoic rocks may not represent 
agrenter duration of time than does the thickness of all the 
Primary yachs sbove them put together. For my own part 1 
believe that thin is probably the case, looking to the enor moun 
agea during which these very carly formations must have been 
exposed to destructive agencies of all kinds, now at one time 
and now at another, in different pars of the world. And, 
of comac, we are without any means of surmising what 
ranges of time me represented by the so-called Primeval 
rock, for the simple reavon that they are non-sedimentary, 
and non sectimentary rocks cannot be expected to contain 
fossils, 

But, it will be anawered, the 0,000 feat of Azoic rocks, 
lying above the Primeval, ave sedimentary to some extent: 
, they fre not all completely metamorphic: yet they are 
“all destitute of fossils, ‘his ts the fourth and Inst difficulty 

sd re 
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which las to be met, and it can only be met by the con- 
siderations which have heen advanced by Lycll and Darwin. 
‘The former says :— 


The toll absence of any traca of fossils has inclined many 
geologists to attribute the origin of the most anelent strata to 
an avoic period, or one antecedent to the existence of organic 
beings. Admitting, they say, the obliteration, in some cases, of 
fossils by plutonic action, we might still expect that aces of 
them wauld oftener be found in certain ancient systems of slate, 
which can scarcely be said to have assumed a crystalline structine, 
But in urging this argument il scems to be forgotten that thore 
are stratified formations of enormous thickness, and of various 
ages, some of them even of Lertinty date, and which we know 
were formed after the enith had became the abode of living 
creatures, which are, nevertheless, in some districts, entircly 
destitute of all vestiges of orgunic bodies '. 


Le then proceeds to mention sundry causes (in addition to 
plutonic action) which arc adequate to destroy the fossiliferous 
contents of stiatified rocks, and to show that these may well 
have produced cnormous destruciion of organie remains in 
these oldest of known formations. 

Daiwin’s view is that, during the vast agen, of time 
now under consideration, it is probable that the distribution * 
of sea and land over the earth's surface has not been uni« 
formly the same, even ag regards oceans and continents, 
Now, if this were the cage, “it might well happen that atrata 
which had subsided some miles nearer to the centre of the 
evth, and which had been pressed on by an enormous 
weight of superincumbent water, might have undergone far 
more metamorphic action than atriia which have always 
remained nearer to the surface. The immense areas in 
some parts of the world, for inglance fx South America, 
of naked metamorphic rocks, which must have been heated 
under great pressure, have always seemed to me to require 
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some speelal explanation ; and we may pethaps believe that we 
see, in these lage areas, the many formations long anterior to 
the Cambrian epoch jn a completely metimorphosed and 
denuded godition” The probability of this view he 
susiaing by ceitain general considerations, ax well as par- 
ticular frets touching the geology of oecanic islands, &e, 

On the whole, then, it seems to me but reasonable to 
conclude, with regard to all four objections in question, as 
Darwin concludes with regard them: + 


For my part, following ont Lyell’s metaphor, I look at the 
geological record as 0 history of the world imperfectly kept, 
written in a changing dinlect 5 of this history we possess the Inst 
yolume alone, relating only ta lwo or thiee countries, Of this 
yolume, only here and there a short chapter has been preserved ; 
and of each page only bere and there a few lines, Each word of 
the slowly-changing language, more or less different in the 
succensive chaplera, may represent the forms of life, which 
ato entombed @ our consecutive formations, and which falsely 
appear to us to have been abruptly introduced. On this view, 
the diMiculties nbuve discussed wre grently diminished ox even | 


disappenr &, 


‘ 
As fayas 1 can gee, the only reasonable exception that 


* can be taken to this general view of the whole matter, is one 


which hag heen liken from the side of nstronomical 
physica. 

Put briefly, it is alleged by one of the highest authorities 
in this brauch of science, that there cannot have beon any 
such enormous renchea of unrecorded time as would be 
implied by the supposition of there having been a tost history 
of organic evolution before the Cambrian period. ‘The 
grounds of this allegation I am not qualified to examine ; 
but in'a general way 1 agree with Prof, Huxley in fecling 
thal, from the very nature of the case, they are necessarily 

1 Origin of Species, p. 989, 
* Seid. 
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precarious,—and this in so high a degree that any conclunions 
raiged on such premises are not entitled to he deomed for- 
midable}, % j 


Turning now to plants, the principal and the ablest : 


opponent of the theory of evolution is here unquestionably 
Mr, Carruthers, The diMeulties which he adduces may he 
classified under three heads, as follows t-—~ 

1, There is no evidence yf change in spectfic forms of 
evisting plants. Not only are the numerous: species of 
planis which have been found in Egyptian mummics in- 
distinguishable from their successors of to-day; but, avbat 
is of far more importance, a large number of our own 
indigenous plants grew in Great Britain during the glacial 
period (including under this term the warm periods between 
those of successive glaciations), and in no one case does it 
appear that any modification of specilic type has occurred, 
This fact is particularly remarkable as r@gards leaves, 
because on the one hand they are the organs of plants which 
are most prone to vary, while on the other hand they ave 
likewise the organs which lend themselves most perfectly 
to the process of fossilization, so that all details of thei 
structure can be minutely observed in the fossil state, Yet 
the interval since the glacial periad, although not a long one 
geologically speaking, is certainly what nay be called an 
appreciable portion of time in the history of Dicotyledonous 
plants since their first appearance in the Cretaceous epoch, 
Again, if we extend this kind of enquiry so as to include the 
world as a whole, a number of other spectes of plants dating 
from the glacial epoch are found to (ell the same story~- 
notwithstanding (hat, in the opinion of My, Curuthers, they 
must all have undergone many changes of environment 


' Sce Lay Sermons, Lectine on Geological Reform, 
? Soo especially the following Preaidontini nddresaea Geol, Assov, 
Nov, 1876; Section D, Brit, Assoc, 1886; Lin, Soe, 1890. 
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while advancing before, mud retretting aller, successive 
glacintions in different parts of the ylohe. Or, to quote his 
own words “Che viuiour physical conditions which of 
necessity afeeted these [qr] species in their difusion over 
guch large mens of Une earth's xnekice in Ue course of, say, 
ano,ooo years, should have Jed to the production of many 
varieties; Imt the uniform testimony of the remains of this 
considerable pre-qlacial flora, aa far as the materials. adinit 
of a comparison, ia that ue appreciable change has liken 
place.” 

a ‘There is no appearance of generalized forms among 
the ewarliest plants with which we are aequainted, Far ex- 
ample, in the first dry kd lora—the Devonian—we have 
representatives of the Lidices, Lgutselcea, and Fyrcopodiacec, 
all as highly apecialized as thelr living representatives, and 
exhibiting the differential chardcters of there closely related 
groups, Moreover, these plints were even more highly 
organized tht their existing descendants in reyard to their 
vegelalive ptructure, and in some cases also in regard to 
their repraductive orgaud, So likewise dhe Gymnosperms 
of that thine ghow iy heir fossil slate the same highly organ- 
fzud woody structure ay their living representatives, 

}. Similarly, and more generally, the Dicotyledonous plants, 
which first appgar in the Cretaceous rocks, appear there 
suddenly, with@ut ay forms leading up ta diem-—notwith 
standing that wa, know very well the extensive flora of the 
underlying Wealden." Moreover, we have all the three great 
divisions of the Dirotyledons appearing together, and #0 
highly differentinted that all the species are referred to ex- 
isting genera, with the exception of a very few imperfectly 
preserved, and jlprefore uncertain figment, . 

Such being tft faets, we may begin by noticing thal, even 
al first sight, they present different degrees of difficulty. 
Thug, I cannot ave that there is much difficulty with 
regard (0 those in claes 2, Qnly if we were to take the 
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popular (and very crroncous) view of organic evolution as 
a proceas which is always and everywhere hound to promote 
the specialization of organic types -only then ought we to 
see any real difficulty in the absence of generalized types 
preceding these existing types. Of. course we may wonder 
why still lower down in the geological series we do not 
meet with more generalized (or ancestral) types; but this 
is the diffigulty number 3, which we now proceed jo 
examine, ‘ 
Concerning the other two difticultics, then, the only possible 
way of meeting that ns lo the absence of any parent forts 
lower down in the geological series is by falling back—-as in 
the analogous case of anithals—upon the imperfection ‘of the 
geological record, Although it is certainly remarkable that 
we should not encounter any forms serving to connect the 
Dicotyleconous plants of the Chale with the lower forms of 
the underlying Wealden, we must qgain remember that diffi 
cultics thus depending on the absence gf any"corroborative 
record, arp by no meang equivalent to what would have 
arisen in the preseiice ef an adverse record--such, for in- 
stance, as would have ‘een exhibited had the floras of the 
Wealden and the Chalk been inverted, But, 48 she case 
actually stands, the mere faet that Dicotylactonous planis, 
where they first oceur, are found to have been alyeady differs 
entiated into their Uftée main divisions, is i itself sufficient 
evidence, on the general theory of evolution, that there must 
be a break in the record gg hitherto known between the 
Wealden and the Chalk, Nor ds it easy to see how the op- 
ponents of this theary can prove thelr negative by furnishing 
evidence Lo the contrary, And although such might justly be 
deemed an unfair way of putting the matter, were this thé'only 
case where the geological record is in evidence, it is ndtwo 
when we remember that there are numberless other cases 
where the geological record does testify to connecting link# in 
most salisfictory manner, or in view of thia consideration 
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the burden of proof is thrown upon those who point to par 
ticular cases Where there ix thas a conapicnous absence of 
transitional farmy—the burden, namely, of proving dint such 
caads ave not due merely to a break in the yecord, Besides, 
the break in the record ag regards this purtionfar case may 
be apparent rather than yeah Jor T suppose there is ne 
greater wuthority on the pure geology of the subject than 
Sir Charlea Lyell, and this dy what he says gf the particular 
case in question, “Tf the passage seem at present tobe 
gomewhat sudden from the flare of the Lower or Neocomian 
to that of the Upper Cretaceous period, the abruptness of * 
the’whange will probably disappeay when we aré lactler ace 
quainted with the fossil vegetation Of the uppermost tracts of 
the Neocomtan and that of the lowest strata of the Gault, or 
(rue Crataceans series 3.” , 

Lastly, the fact of fe flora of the glacial epoch not 
having exhibited any mogiftcations during the long residence 
of some of fle specific types in Great: Briain and else- 
where, 1s a faat of ome importartte to the general theory of 
evolution, since ii shows a higher degreé of stability on the 
“part of there specific typas (han might perhaps hava bean cx- 
pected, supposing the theory fo be true, But Ido not see that 
this constitutes a ciMicully ugainst the tfeory, when we have so 
many other cases of proved transmutnon to act against it, 
For inatance, wht to go further afield than this very glacial 
flora itself, i will be remembered that in an earlier chaptér 
T selected it ax furnishing specially cagent proof of the’ 
(ranamutation of apecies, Wiint, then, is the explanation of 
go extraordinary a difference between Mr, Carruthers’ views 
and my own upon thid point? TU believe the explanation to 
be Utal he dogs not take a sufficiently wide survey of the 
feat, 

To bogin with, it seems lo me that ha exaggerates the 
victasitudes to which the species of plants that he calls into 

1 Rlements of Geology, p. 280. 
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evidence have been exposed while advancing before, and 
retreating after, the jee Rather slo LD agres with Dawwin 
that they would not have been “exposed during their long 
migrations to any greatalivorgity of temperdiures and as they 
all migrated in a oily together, thely mutual relations will 
not have been much diswrbed; hence, in aécordance with 
the principles indicated in this volume,” (hese forms will not 
have been liable to much modification” But, be this 
matter of opinion as it may, a much better lest is aforded 
by those numerous’ cases all the world over, where aretic 
species have Been left, stranded on alpine areas by the retreat 
of glaciation ; because here there is no reom for differdhees 
of opinion as to a “change of cnvironment” having taken 
place, Not to speak of climatic differences between arctic 
and alpine stations, consider merely the changes which must 
have taken place in the relations of the thus isolated species 
to each other, as well as to those of all the foreiyn plants, 
insects, &c., with which they haye long: beet Uuown into 
close association, If in sd cages no variation or transmu- 
tation had taken place since the glacial epoch, then indeed 
there would have heen a difficulty of some magnitude, But, 
hy parity of reasoning, whatever degree of difliculty woul 
have been thus presented is not merely discharged, but 
converted into at least an equal degree of corroboration, 
when it is found dhat under such circumstances, in ‘whatever 
part of the world they have occurred, some considerable 
amount of variation and Uansmutation bas always taken 
placey—and this in the animals as well as in the plants, 
Vor instance, again (o quate Darwin, “10 we compare” the 
present Alpine plants and animals of the several great Furo~ 
pean mountain-ranges one with another, though many of 
the species remain identically the same, some exist as varie- 
fies, some as doubtful forms or sub-species, and some as 
distincl yet closely allied species representing each other on 
1 Origin of Species, p. 33a. 
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the several rapges 4” Lastly, if tastead of considering the 
case of alpine floras, wa like the much larger case of the 
Old and New World as a whole, we meet with much larger 
proofs of the same "general fagis. Sor, “during the slowly 
decreasing warmtlt of the Pliocene pertod, ax soon as the 
species in common, which Inhabited, the New and Old 
Worlds, mignated’ smth of the Pokw Gircle, they will have 
heen completely cnt off from eacl: other, -’This separation, 
as far ag the iore tumperate prodpetions are concerned, 
must Ive tiken place long ages ago. Ag the plants and 
animals miyguated southward, they will have become mingled 
in one great region with the native American. productions, 
and would have ly to compete ‘with them;' and, in the 
other great region, with those of the Old World. Conse 
quently we have hore everything favourable for much modifi- 
cationy—for far more modification than with the Alpine 
productions, left isolated, within a much more recent period, 
on the sever] mountain rahges and on the aretic lands of 
Kurope aud N. America, fence, it has come, that when 
we compare the now living productions of the temperate 
regions of the New wid Old Worlds, we find very few iden- 
teal apecios s but we find in every class many forms, which 


rome naturalina rank aa geographical races, and others as” 


distinct apecios; anda host of closely allted or representative 
forma which are mnked by all naturalists as specifically 
* distinct” 

In view then of all the whove considerations—and 
especially (hose quoted from Darwin—it appears lo me that 
faiMfrom raining any difliculty against the theory of evolution, 
the facta nddluced hy Mr. Carruthers make in favour of ft, 
Vor when once these frets are taken in connection with the 
others above mentioned, they serve to complete the cor- 

- respondance between degrees of modification with degrees 
* Origin of Species, p. 33% 
* Joid. pp. 338-4 
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of time on the one hand, and with degices: of evolution, of 
change of environment, &, on the othe. Or, in the 
words of Le Conte, when dealing with this very subject, #1 
is impossible lo conceive a more beautifil iMustiation of 
the principles we haye been ying to enforce" 


} Lvolution and xs Relation to Religions Lhought, yw 1y 4. 
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The paasages in Dr, Whewell’s wiithngs, to whieh allusion is 
here made, are somewhat too long to heguated in the text. Hat 
nef chink thay desctved to he given, 1 will here reprint a letter 
which I wiote to Wadwre in March, 1888, 


In his eayuy on the Reception of the Origin of Spropsy Prof Luxley 
writes & 

Tt Ja interesting ta observe tnt Uhe poxsibiity of ¢ AM) alter na- 
live, If addition Lo the four he li stated, ine not dawned upon Dr. 
Whewell’s mind " (Life and Leetnes of one Darwin, vol. ii, p 
195). . 

And again an the artilg Sefgnce, mpplicd to he Reign of Quear 
Mietorid, ve Hnyn v 

“Whewell had not the sliglitent UB} siotoit of tm win Yq nnin theorem, 
even as a lagictl possthitity  (p aon" £9" 

Now, althetgh tom tae diet no indiention of auch a loghat 
posuibitityin te he met with tn the L/fstory of the Inductive Sciences, 
Uhore me several pasenges da the Ardgewahs Treatise which show 1 
glimmering Jlen uf wich ae Poswlbility, OF these tho following are, 
perhaps, worth quoting Payking Of the adaptation of the peilod af 
Noworlng to the lenytivol a year, he saya i 

© Now avett an neljuatment munt gively be accepted as a proof of 
destgu, oxeiclard in Vie fermation of the would. Why should the 
solar year be xo long and no longer? on, this being such a fongth, 

Savhgg shouted the vegqotuble cyclo be exactly of (he same length? Can 
this he | orth vive And, if not by chance, how otherwise could 
auch vn edine idence occur than by aa intentional adjustment of theae 
two things to one nnether; by a selection of auch qn organization in 
Plants an would ft tein to the anrth on which Uiey ware to grow ¢ 
by an adaptation of construction to conditlons; of the scale of cone 
atruction to the acnle of conditions? It cannot be necepted na an 
oxplauntion of this fact in the aconomy of plants, that it fs necessn y 
to their eximtenee; that no plante could possthly have subsiited, 
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and come down Lo us, except those which were thus suited to thelr 
place on the earth, ‘This is trae; but it dees not at all remove the 
necessity of recurring to design ay the origin of the construction by 
which the existence and continuance of plants is made poxsible, A. 
wateh could nol go unless there were the moat exact adhistment in 
the forms and positions of ity wheels; yet ne one would aevept it a4 
an explanation of the origin of sueh forms and positions that the wateh 
would not go if these were other than they were, If Ue objector were 
to suppose that plants were originally fitted to years of various lengths, 
and that sueh only have survived to the present ime as had a evel 
of a length equal to our present yeu, er one which could be avcom- 
modated to it, we should reply that the assumption 14 loo gentuitens 
and extravagant to requiig much consuleration.” 

Again, with regard to (the diurnal period,” he addsy- 

“ Any supposition that the aati ®nomical eyele hay ovcasionasl the 
physiological one, that the stricture of plants has been brought to be 
what it is by theaction of extemal enuses, or that such plants as 
could not accommodate Uhemselves lo the existing diy have perished, 
would be ‘not only an arbitrary and baseless assumption, but, mores 
over, useless for the pwposes of explinadon whieh it professes, aa 
we have noticed of a similar supposition with respect to the annual 
cycle ae 

Of course these passages in no way make against Me, Uuxtey’s 
allusions to Dr, Whewell’a writings in proof that, antil the publi. 
cation ofthe Origin of Species, Ue © main theorem” of this work had 
not dawned on any other mind, save that of Mr. Wallnee, Bat 
these passages show, even more emphatically dian total silence with 
iegard lo the principle of su vival could have done, the 1d distance 
which at that time separated the minds of thinking, men fon all that 
wag wrapped up in this principle, For they shaw that De, Whewell, 
even afer he had abtained a glimpse of the principle "ng a logical 
possibility,” only snw in it nu “arbitrary and baseless assumption" 
Moreover, the passages show a remarkable juxtaposition of the very 
terms in whieh the they of natal selection war afterwards for- 
molated, Indeed, if we strike ont the one word “Intentional” 
(which conveya the preconceived Iden of the writer, and lus 
prevented him from doing justivee to any vaturaliaie aie all the 
following party of the above quotations might be supposed to have 
deen writen by a Darwintan, “If nat by chance, how atherwles 
aduld such 9 coincidence occur, than by an adjustment of (hese two 
things to one another; hy a selection of such an organization in 
plauts as would ff them to the earth on whfeh they were to grow ; 
by an adaptation of construction to churitions; of Uhe scale of con 
struction to the seale of conditions?” Yet he Immediately goes on ta 
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gay: (Il the objector were te snppose that plants were originally 
fitted ta youre at! vartons Jougtley, and Unit attel only have saruived ta 
the present line... ay cand he mmeommodated to it (le. the 
actual cycles, we should ceply (id the avoimptlon ig too gratuitous 
nnd extravagant o requive mueh vonsideration’’ Was there ever a 
more emiowd exhibiien of (ailure Co peverive the importance of a 
Mogical pousthilizy ° 1 Ane this at che very ine when another mind 
wos bestowing twenty yerrs of Inbour on fly consideration.” 
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Since these remarks wore delivered in my lectures as here 
printed, Mr. Mivart has alluded to the subject in the following 
and preciacly opposite sense: - 


Many of the more noteworthy instinets lead us fromemanifeste 
tions of purpose directed to Lhe maintenance of the individual, to no 
Jess plain manifeatations of e purpose directed lo the preservation of 
the rave, Ting a varefal study of the interrelations and interdepen- 
deucies which Okixt between Uhe various orders of e1eatures inhabiting 
this planet shaws it# yet a mare noteworthy teleology-- the existence 
of whole orders of such creatures being directed lo the service of 
other orders in virions degrees of subordination and augmentation 
respectively, ‘This aludy revents to us, asn fact, the enchainment of 
all dhe various orders of creatures in a hierarchy of activities, in 
harmeny with what wa might expect to Mad ina world the outcome 
ofa Firat Cause possessed of intelligence and will, 


Llaving read thia much, a Darwinian is naturally led to expect 
that Ma, Mivart ia about lo offer sume examples of instine(s 
or atructures exemplifying what in the margin he calls the 
“ [lerarchy of Miniajrations' Yet the only facta he proceeds 
tomplduce aro the aulficiently obvious facts, that the inorganic 
world gxisted before the ‘organic, plants before herbivorous 
animals, these before carnivorous, and so én: that is to’say, 
everywhere the conditions to the occurrence of any given alage 
of evolution preceded such occurrence, as it is obvious that they 
must, if, as of course it is not denied, the possibility of such 
occurrence depended on the precedence of such conditions. 


1 On Truth, p. 493» 
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Now, it is surely obvious that such a “hierarchy of ministrations" 
as this, far from telling against thé theory of natural selection, is 
the very thing which tells mort in its fivour. ‘The fret that 
animals, for instwnce, only appeared upon the enrih after there 
were plants for them to feed upon, is clearly a necessity of the 
case, whether or not there was any design in the matter. Such 
 rinistrations,” therefore, as plunt-organisms yield to animale 
siganisms fs just the kind of ministiation that the Uieary of 
natural selection requites, ‘Thus far, then, both the theories 
natal selection and super-natural design hive an equal right 
to appropiate the facts, But now, if in no one instangs can 
it he shown that the ministration of filant-life to animal-life’is 
of such a kind as to subserve the interests of Animal-life wighou, 
at the same time subserving those.of the plane-lité itself, then 
the fact makes wholly in favour of the naturalistic explanation 
of such winistiation 48 appears, If Any plants had presented 
any chatacters ponding prospectively toaceds of animals without 
primatily ministdving*to their own, then, indeed, there would 
shayo been no .voom for the theory of natural gelegiion, at as 
this can Howhere%be alleyed, thé thuoty of natura sclection finds 
all the facta Co be exagtly as it requires thein to be: such minige 
tration ag plants yield. to artifhids becomes so much evidence 
of natal selection having slowly formod the animals to appro- 
priate the nutrigun which the plants hnd previously gathered— 
and gathered under the previous influence of natural" selection 
acting on themselves entirely for their own aukes, ‘Therefore 
J say itis painfully manifest that “the enchainiment of all the 
various orders of creatuies In n hierarchy of netivitles,* Is 
aw “in harmony with what «wo might oxpact to And ih a 
world the outcome of a Firet Catiag porsesaed ‘of intelligence 
and [beneficent] will", Sa fat as any rrgument froth sud) “ons 
chainment” reaches, it makes ‘entirely against the view Which 
Mr. Mivart is advocating, In point of fact, there Is a total 
absence of any such “ministration” by ono “order of cren» 
lures” to the heeds of any other order, ag the beneficent design 
theory wold necessarily expect; whilo such iministratton as 
actually docs obtain is exactly and universally the kind which 
the naturalistic theory Pequties, 

Again, quite indgpendently, and still yore rocently, Mr. Mivart 


. * % 
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alluded in Mate (vol, xii, ps 41) to the difficulty which the 
apparently exeeptional case of gull-formation presents to the 
theory of natural selection. Therefore I supplied (vol. sli, p, 80) 
the suggestion given in the text, viz. dat althoygh it appears im. 
possible that the sometines remarkably claborate tnd adaptive 
structines of galls can be due to natural selection acting directly 
on the plans themsclves+ secing that the adaption has tefer- 
ence (a the needs of their parasites it is quite possible that 
the phenomenn may be die to najuial selection acting indiectly 
on the plants, by alwayg preserving those individual insects (and 
larvae) the chnacter of whase sceretions is auch as will best in- 
duco the particular shapes of gulls that are requiied. Several 
pthar cortgspondents took “part ih the discusgion, and most of 
thent accapted the nbove explanations Mr. T, D, A. Cockeyell, 
however, advanced another and very ingenious hypothesis, 
showing (hat thete is corfainly one concetvable way in which 
natural seleation might have produced, §aIL ‘the pherfomena of 
gall-formalion by acting diregtly on tho: plants themsclyes}, 
Subsequenly Mr, Cockerell published abode Baper upon the, 
subject, slauingyhia vigwa at greater length. “Tho following jathe 
substance of his thagry as ther presented : ~ 


Doubtless there were interna} plant-feeding Inrvae befoye there 
were galls? and, Indewd,‘we hive gcoloyical evidence that boring ins 
sects date very int bask indeed, ‘The prbhitive intornal feetlers, then, 
were ninérs in the rools, slots, wigs, or leave, auich aa o¢cur very 
commonly at the present day, These minds are excessively ‘harmful 
to plantdife, and form a class of the most destactye insect-peals 
lnawn ta the fuiner: hey freyuently enuse the denth of tie whole 
or part af the plant ajtacked, Now, wo may suppose Uiat the secras 
tions of certaimof there Inadets cnuged a walling to appear where 

athe larvae lived, and on Uplcexcrescency the Inrvne fed. Il ta onay to 
see thal the grontur the excrascente, and the groafor the tendency of * 
themeturvas (0 feed upon il, Inatend of destoytng the vital Ussuds, the 
amalter fs (ha amount of harm to the playt., Now.lhe contiaued life 
and vilalily of the plant is beneflein! to the lavyng; and the larger or 
more perfect tha gall, the .greate? the nmounk of available food, 
Henco natural selectlon will have prodorved and ngedthilated the 
gall-forming tendoncles, na not only benefldfal to the Iatvae, but as a 
monns whereby the Iaryne can focd with least haun to the plant, So 
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far from being developed for the exclusive benellt of the lavae, it is 
easy ta sce that, allowing a tendency to gallfoomation, natal 
selection would have developed galls exclusively for the benetit at the 
plants, so that they might suffer a minimum of ham from the wnayoid: 
able attacks of insects, eo 

But here it may be questioned have we proof that internal feeders 
tend lo form galls? In answer to this I would point owt that galt. 
formation is a peculine feature, and cannot be expected to arise in 
every group of internal feeders. But T think we van alord sufficient 
proof that wherever it has aisen it hay been preserved ; and finther, 
that even the highly comples foump of galls me cvalved fiom dors 
go simple that we hesitate to call them gally at al}, 





The paper then proceeds to give a number of individual cases, 

No doubt the principal ohjection to which Mr. Cockevell’s 
hypothesis is open is one that was pointed out hy [err Wet. 
terhan, viz. “the much greater facility afforded to the indirect 
gction through insects, by the enormously more rapid succession 
of generations with the latter than with many of their vegetable 
hosts—~oaks above all") ‘This difficulty, however, Mr, Cockerell 
believes may he surmounted hy the consideration that a growing 

> plant need not be regarded as a single individtal, but rather 

rag an assemblage of such 4 


' Norn C ro PAGK 394. * 

‘The only iemarks that Mr. Walkwee has to offer on the 
pattern of colours, a9 distinguished from a mere dviiiany of 
colour, are added ng an afterthought suggested to hint by the 
late Mr. Alfred Tylar’s hook on Cadaueratian af Animats anid 
ants (1886), But, in the first placa, It appears to me that 
Mr. Wallace has formed an altogether extravagant esthnitte of the 

«value of this work, For the ohject of the watk is to affow, 
“that diversified golguration followa the chicf lines of structure, 
and changes at points, auch as the jointa, where function 
changes.” Now, in publishing this generalization, Mx. ‘Tylor— 
who was not n nnturalist—took only n very Himited view of the 


1 Entomologist, March, 1890. © Nuture, vol. xl, p. aga 
> Tbeh vol xil, pp. 559-860. 
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facts, When applisxt to the animal kingdom as a whole, the 
theory is worthless; and even within the limita of mammals, 
pirds, cud insecta whieh are the classes to whieh Mr, ‘Tylor 
mainly applies it -there are vastly more facts to negative than 
to suppat it, ‘Lhis mhy he at once made appatent by the 
following brief quotation from Prof Lloyd Margan : 






Tt oan hardly be matatained that the theory alfords us any adequate 
explanation of the spregie volon tints of the pig-hivds, or Che 
pheawmnts, a the Hapilioninue among butteritiow 1G 08 Mr, Wallnee 
argues, the hmmense tafe of goklen plumage in the bird of paradiae 
owe their origin to the fitet that (hey are ninched Just above the 
goint where the atteries und nerves for (he aupply of the pectoral 
museles leave the interior ofthe potly and che physiological rationale 
'g nat altogether ebylouy, are there ne ouier bhag in whieh similar 
wierles and nerves are found ina similar position? Why have 
hege no similar init And why, in the birds of paradise themselves, 
foes it require four yenra ere these nervous and aitetial influences 
ake effect upon the phintiyge 7 Minally, one would inquire Héw die , 
colour iy determiyed atl held constant in each speeles, ‘Ihe dilliculty 
af the ‘Tylor Vaullave view, even nan matter of origin, ix especinily 
yeent in thone nfineroux cages in which the colow ia determined by 
loliente Hines, thin plates, or thin films of oir or uid, Mu, Poulton, , 
vho takes aximilar line of argument in his Colaurs-of Animals 
(926), lays xpevinl ations on dle production of white (pp. aoraog), 


Aa reeds the latter point, ft imay be notited that npt in any 
part of hia writings, so fir as [ cn find, does Mx, Wallace allude 
lo the highly important fact of coloura in animals being so 
largely dite to these purely physical causes. Everywhere he 
argues us if colaurs wera unlversally due to pigments; and in 
my opinion this unaccountable oversight is the gravest defect 
in Mr, Wallace's treatment both of the facta and the philosophy 
o€golouration in the animal kingdom. For instance, as regards ’ 
(he particular ease of aexual colouration, the oversight ling pro- 
vented him fram flercelving thet hte th ony of © beilliancy "ag 
due to “in aurplus of vitnl energy,” if Hol"Go much as logically 
possible in what must constitute at Jenst one good half of the 
facts to which he applies it~-unless he showa that there is some 
connection between vital energy and the development of stria- 
tions, lmprisonment ofalr-bubbles, &e. But any such connection 
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so cascntinily important for his, theory he does not even 
attempt to show, —Lustly, and quite apart om these 1emaleable 
oversights, even if Mr. ‘Tylor's hypothesis were as reasonable and 
well-sustained as it is fanciful and inadequate, still it could not 
apply to serve? colomation : it conkd apply only to colouration 
as affected by physiological finctions commen to hath SONxER, 
Yet it is in order to furnish a “preferable substitute” for Mr, 
Darwin's theory of serve? colouration, that Mi. Wallace adduces 
the hypothesis in question as one of “great weight! In this 
matter, theefore, I entiely ayree with Poulton and Joya 
Morgan. 
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